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THIRTY YEARS OF AGRICULTURAL EXPERIMENTS 
IN UTAH 
By 
- F. S. HARRIS and N. I. BUTT 
INTRODUCTORY 
The Utah Agricultural Experiment Station has been estab-
lished over thirty years. During this time more than a hundred 
experimenters -have worked on the staff, each one contributing 
something to aid in the researches that have been conducted. 
During the first few years regular annual reports were published, 
but during recent years no such reports have been issued. The 
results of the work of the Station have been published in station 
bulletins and circulars and in various technical journals. 
Since there is no publication or series of publications that 
records all the activities of the Station it was thought desirable 
at the end of the thirty-year period to gather into one circular a 
summary of the important findings of the Station. In this publi-
cation no attempt has been made to-include details. Where pre- -
liminary findings have been covered by more complete later 
experiments, a review of only the later ones has been given. 
The figures in parenthesis throughout the text refer to the 
reference number at -the back where a rather complete list of 
contributions from the Station is given. -
Since so many topics have been treated in a limited space, it 
seemed necessary to give heaqings in considerable detail in 
order that the reader might not become confused. 
CROP PRODUCTION UNDER IRRIGATION 
EARLY IRRIGATION WORK 
The first work done by the Utah Agricultural Experiment 
Station on field irrigation is strictly applicable only on gravelly 
-soils with good dra~nage. The results, though as accurate as 
possible under the conditions, were in some cases not compar-
able owing to lack of uniformity in the soil. Much valuable 
information was secured from the work, however. 
Methods 0·' Irrigating.-Sub-.irrigation, whether by larg'e 
open drains or by- the cement pipe system failed to supply 
moisture enough for the ordinary crops on these porous soils. 
The only place sub-irrigation proved to be especially adapted 
was in vineyards (26, 39). The lateral movemen tof water was 
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3 bout 4.5 feet for the first, and 6 feet for the second foot below 
the source of appiication (80). It was found that flooding gave 
better results with wheat, corn, sugar-beets, and potatoes than 
furrow irrigation (39). Day irrigation gave a slightly better 
yield of wheat and a decidedly better yield of timothy hay than 
night irrigation, although more wheat straw was produced by 
night irrigation (21, 29). 
When to Irrigate.-The yield of both fall and spring wheat 
increased as the number of irrigations was increa·sed from 1 to 
3,_ but the yield of spring wheat decreased when irrigated more 
than three times. Allowing the grain to become "burnt" before 
water was applied caused a decrease equal to nearly half the 
ordinary yield. Irrigating fall wheat just after seeding in the 
fall gave unsatisfactory yields, Dut fall irrigation for timothy 
was very beneficial. For wheat, clover, and timothy intervals 
between irrigations of 6 to 15 days proved best . Early spring 
watering increased the yield of grain but decreased the yield of 
straw as compared with usual irrigation. Either very late, or 
early and late irrigation slightly increased the total yield of 
grain and straw. Fall irrigation had little influence on the yield 
of wheat and· was not recommended (23, 27, 39). 
Water Economy of Plants.-At the time of fir~t irrigation 
wheat and oats had drained the soil 'of more moisture than had 
corn, potatoes, or · sugar-beets. Beginning with the crop using 
most soil moisture the order was found to be potatoes, oats, 
wheat , corn, sugar-beets, old lucern, red clover, timothy, and · 
English rye grass (80). 
Quantity of Water to Apply.-The best quantity of water for 
Rugar-beets on shallow soil was found to be about 20 acre-inches; 
for corn, 20 to 25 inches; for oats, 15 to 20 inches; and for 
wheat, up to 30 inches. More than this depth for beets resulted 
in roots low in sugar, but less than this quantity did not give 
satisfactory yields. There was a regular increase "in the pro-
portion of ear corn to stover with increased quantities of 
water (80). 
An average of 3 inches of water weekly from July 12 to 
August 25 gave the largest yield of potatoes. Irrigating by 
flooding gave better results than furrow irrigation (20). An 
increase of starch and decrease of protein was found to follow 
increased applications of water to potatoes. The percentage of 
marketable potatoes as well as the total yield was increased as 
the water applied in frequent small irrigations increased up to 
40 inches (80). 
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IRRIGATION AT GREENVILLE FARM 
Since 1902 the irrigation experiments have been conducted on 
a deep, fertile silt loam soil which is much more typical of the 
Utah farming areas than the ' gravelly soil used for early 
experiments. 
General Information 
Soil Moisture Distribution.-It has been shown that under 
given soil conditions soil moisture distributes itself through the 
soil with such exact precision that its movement can be ex-
pressed by mathematical formulae. However, the power of the 
soil to transmit water varies greatly according to the porosity 
or compactness of the soil (222, 230, 231, 240). 
A medium initial percentage of moisture in th~ !oil before 
irrigation causes a better distributioin of irrigation water than 
where a very low or high initial percentage is present. Moisture 
moves very slowly into dry soils (159, 216). There if! hardly any 
moisture movement in loam soil containing less tha.n 13 per cent 
water. Irrigation water influences the upper few feet proportion-
ately more and penetrates deeper in cropped than in uncropped 
soils (115). Because fall and winter irrigation helps to maintain 
the soil in the best condition for the reception and storage of 
spring moisture in the lower depths, this practice is advised for 
deep, well-drained soils where water is scarce during the summer 
months. However, water applied before the irrigation season is 
not very important in comparison to that applied during the 
season (104, 105). _ 
Water moves a greater distance horizontally in loam than 
in sand and a greater distance in sand than in clay, but the clay 
absorbs more moisture in the layers next the source of water .. 
The rate at which moisture rises in a soil varies inversely with 
the fineness of the soil. The lateral movement of water in a 
loam soil after irrigation was slow and not great even to a dis-
tance of one foot (159, 216). In furrow irrigation the amount 
of water under the row and furrow is unequal near the surface 
but becomes more uniform at lower depths (115). 
The increase in moisture due to applications ' of water .was 
noticed to a depth of 10 feet in twenty-four hours, although 
most of the increase was in the first four feet. Cropped soils 
showed more fluctuation in moisture content than fallow soils, 
and manured soils more than unmanured (115). 
Water-holding Capacity of Soils.-11he maximum capillary 
water capacity of Greenville soil was found to be about 24 per 
cent and the minimum seldom below 8 per cent, although the 
top foot sometimes fell to 6 per cent. Plants showed need of 
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water when the moisture content fell below 12 or 13 per cent. 
The degree to which the water may be removed from the soil 
depends much upon the crop grown. Water appeared to be 
drawn from below the zone of root penetration (115). 
Evaporation f1'om Soils.-Loss of soil moisture by evapora-
tion increases with the saturation of the soil, but the increase 
in loss diminishes in proportion at the higher percentages. The . 
we~ter the first foot the more rapidly is water drawn from the 
soil beneath. The relative humidity of the air is very little 
changed by soil moisture (80). As the humidity of the air 
increases, . the rate of evaporation rapidly decreases. Evapora-
tion is rapidly increased by the wind until a certain velocity is 
reached, but after this velocity is reached only a slight increase 
occurs (115, 210). Evaporation was greater from fine soil 
particles than from coarser ones. Increase in the intensity of 
sunshine, as well as temperature, increased evaporation. Dis-
solved salts in high concentrations reduced evaporation from 
the soil (210). 
Mulching.-A thin mulch if kept dry was eff ectiv·e in pre-
venting evaporation, but compacting the surface soil increased 
evaporation. Coarse soil particles were more effective as mulches 
than were finer ones (210). Soil mulches on ordinary soils were 
not greatly beneficial in preventing evaporation, provided weeds 
were kept from growing. A straw mulch was much better than 
an earth mulch (159). Although the effect of mulches could be 
noticed several feet below the surface of the ground, the surface 
foot showed the greatest benefit (216). Cultivation was more 
effective on clayey and sandy soils than on ordinary loams (105). 
(See Dry-farming for further discussion of mulching). 
Fertility and W ater E conomy.-It was found t hat on fertile 
soils heavy applications of water are not likely to be so wasteful 
a.s on infertile soils. The yield of dry matter was much larger, 
and the water cost was much smaller on soils that had rested 
during the preceding three years than on continuously cropped 
land. Adding fertilizers to an infertile soil may enable crops to 
produce dry matter more economically than without fertilizers 
(105 ). The distribution of moisture in the. soil was not greatly 
different on land which had been receiving yearly applications 
of manure than that which had never been manured (159). 
Fertility in Ir1Aigation Wa,ter .-From the quant ities of phos-
phorus, potassium, and nitrogen found in irrigation waters of 
Utah it is concluded that alt hough enough of t hese plant-foods 
are not added to the soil by irrigat ion water to nearly replace 
t he quantities removed by the cr ops, t here is more of these 
nlaterials left in the soil than is removed in the drainage water . 
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Irrigation water therefore helps to maintain soil fertility to a 
small extent (223). 
CROPS 
Alfalfa 
Irl'igation.-Alfalfa has been found to use larger quantities 
of irrigation water to good advantage than other common field 
crops. The yield was found to increase with increasing 
quantities of water up to 50 inches, but when more than 30 or 
40 inches were used the efficiency of the water declined so 
rapidly that more moderate quantities of water are seldom justi-
fied on ordinary soils. Frequent, moderate applications to cause 
steady growth throughout the season was found to be the b"est 
method of applying. Early spring water was not so effective 
as later water. When four 5-inch irrigations were used and 
two of them applied half way between the crops, it made very 
little difference whether the other two were applied just before 
or immediately after the cuttings (118, 173, 180). 
In general the hay crops showed a decrease in protein con-
tent with increasing amounts of water. Stems and leaves of 
nearly all crops tend to increase in woodiness as the amount of 
water is increased, but the underground parts change very little 
. in this respect (119). 
Comparative Val·ue of Cuttings.-The first crop of alfalf.a 
gave the largest yield in each of the five tests and in fourteen 
out of the fifteen cuttings, and the third crop gave the lowest. 
Although the third crop had the greatest proportion of leaves 
to stems the percentage of protein in the leaves was highest in 
t.he second crop, the next highest in the first. The leaves of the 
first crop contained the most fat and those of the second the 
least. In the average composition of all cuttings for the three 
years the nut rients of the three crops varied but little. The 
second had slightly t:4e highest percentage of protein and fiber, 
and the third the most fat and nitrogen-free extract (61). 
Early vs. Late Cutting.-At ordinary times of cutting, alfalfa 
leaves contained one-third or more of the total dry matter of 
the crop and from one-fourth to one-third as much crude fiber as 
the stalks (48). More than half of the total protein of the plant 
was found in the leaves at the time of budding and the propor-
tion increased as the plants grew older (58). The total dry 
matter of the crop increased until full bloom, but the greatest . 
gains of dry matter occurred in the week between budding and 
medium bloom; after bloom the gains were insignificant (44). 
The largest annual acre-yield of hay was obtained when earlY' cut-
ting (as soon as the first few blossoms appear) was practised and 
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the lowest when cutting was· delayed until part of the blossoms 
had fallen, the ratio being as 100 to 85. The proportion of leaves 
to stems was greater at early bloom than at any subsequent 
time and both leaves and stems contained a greater proportion 
of protein and a lesser one of crude fiber at this stage than at 
any other period (44, 61). . 
Alfalfa cut at medium bloom had about the same food value 
as that cut a week later. The protein and fat were more highly 
digestible in the early-stage cuttings and grew less so with the 
age of the plants. Each successive cutting after first bloom 
became smaller in aere-yield and also in percentage composition 
of the valuable ingredients. The percentage of flesh-forming 
material decreased as the !)lants grew older (58, 61). On the 
whole, the tests favor cutting alfalfa for cattle-feeding and for 
yield of digestible matter just after the first blooms appear. 
S eed Production.-In a .study of the conditions necessary t o 
produce satisfactory yields of alfalfa seed, it was found essen-
tial to get the vigorous first crop off the land in plenty of time 
to allow the seed crop to mature before frosty autumn weather. 
The summer must be relatively dry in order to produce seed 
rather than vegetative growth, yet the moisture must be ample 
and timely for filling the seed. Heavy rains during blossoming 
are unfavorable. Summer irrigations should be just sufficient 
to keep the plants healthy but not enough to encourage vigorous 
growth. The July and August or blooming and seed setting 
periods, should have mean temperatures of about 70° and 75° F., 
respect ively, and the monthly maximum temperature should 
never be above 90° F. If the temperature at blossoming time 
is too great, wilting and blighting of the bloom occurs readily in 
case of slight moisture deficiencies or winds. Abnormally warm 
spring weather-3° F. to 5° F. above normal-followed by sum-
mer weather 2° F. to 4° F. cooler than usual has generally been 
especially favorable to large yields. An excess of cold, cloudy 
weather at blossom time is unfavorable. In Utah about 80 days 
are required to mature. the seed, the best results being secured 
where the blossoming stage came during the last of July and 
harvest, the first of September (171). 
Potatoes 
In ·igation.-As an average of five years, potatoes which re-
ceived 12.8 one-inch weekly irrigations during the growing sea-
son, beginning when the plants were about 6 inches high, gave 
a larger yield-337 bushels an acre-than with any other irri-
gation treatment. There was a steady decrease when more 
than one inch was applied weekly. Next to the one-inch weekly 
r . 
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irrigation, 5-inch applications when the plants were 4 . inches 
high, when the tubers began to form, when the plants were in 
full bloom, and when the tubers were nearly ripe, or a total of 
20 inches, gave · the best yield-·317 bushels an acre. With three 
5-inch irrigation applications at the last three of the above 
stages, with two 5 .. inch irrigations at the last two stages, or 
with one 5-inch irrigation at the third stage the next best yields 
for stage irrigation were secured. Excessive irrigation or that 
applied late in the life of the plant increased the relative pro-
duction of vines. The relative number of tubers to the hill was 
increased by early jrrigation, whereas the relative size of the 
tubers was influenced more by late water. The largest tubers 
came from the plats watered at the third and fourth stages (157). 
Watering the land aft er planting and before the plants were 
up reduced the yield be~ow that where no irrigation was 
given (157). 
Although there was lit tle change in the protein, ash, or mois-
ture content as the quantity of water applied increased, the 
percentage of carbohydrates in the tubers increased as the water 
applied increased (120). 
Mg-nuring.-The yield of potatoes on unmanured land was 
119.9 bushels an acre. Manuring at the rat e of 5, 15, and ' 40 
tons per acre gave yjelds of 184.4, 228.8, and 290.8 bushels to 
the acre, respect ively. The increase for each ton of manure was 
12.9, 7.3, and 4.3 bushels for the corresponding manurings (172). 
Potato Breeding.-Tbrough a system of pot ato selection 
whereby all strains were eliminated whose progeny for three 
to five years did not give yields of standard excellence, it has 
been possible to breed · up a strain that has given as a 6-year 
average a yield more than 60 per cent greater than that for 
unselected seed-307.0 and 190.7 bushels an acre, respectively. 
The high-producing strain sets 18 per cent more potatoes to the 
hill, and the average size of the tubers · is 24 per cent larger 
than for unselected. The germination of the selected strain is 
mo~e rapid, the stand is better, the growth thriftier, and disease 
less apparent than for the unselected potatoes (176). . 
Seed Cutting.-Reducing the size of the seed f rom a whole 
tuber to halves, quarters, and eyes decreased the yields, al-
though not in proportion to the decrease in size of seed piece. 
Seed from the stem end of the tuber yielded better than that 
from t he seed end (20). An average of six years' tests on a 
poor gravelly soil showed the yield from cull potatoes to be 112 
bushels per acre and from large-sized potatoes cut to the same 
Rize as the culls 125 bushels per acre (45). 
Depth and Distance to Plant.-The depth of pla.nting within 
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the range of ordinary practice did not materially affect the 
yield, but potatoes planted near the surface contained mor{: 
starch than those planted deeper. Yields decreased when the 
hills were more than 8 inches apart in the rows. Increasing the 
distance between rows up to 3 feet did not appear to lessen the 
yield. Close planting resulted in a higher water and lower 
starch content of the tubers than did ordinary planting (5). 
Sugar-Beets 
Irrigation.-Sugar-beets receiving a 5-inch irrigation just 
before thinning, another when the roots were 2 inches in diame-
ter, and a third when the beets were nearly ripe, or a total of 
15 inches, yielded better than where the water was added at 
other stages or was applied in weekly irrigations of 1, 2.5, 5, 
or 7.5 inches throughout the season. With a single 5-inch 
irrigation application when the beets reached 2 inches in 
diameter or with two 5-inch irrigations, at this stage and just 
before the beets ripened, were found to give the best yields. A 
single application given either after planting and before the 
plants emerged or just before ripening was very unsatisfactory. 
Large quantities of water, or water appli~d late in the season, 
caused a proportionately greater growth in leaves than roots. 
The percentage of sugar was greater in the beets irrigated with 
2.5 and 5 inches weekly than for other treatments, and next 
where they were watered when 2 inches in diameter. The 
length of the roots was not increased by delaying the time: of 
first irrigation. Sugar-beets do not need large quantities of 
water for best growth, but they are sensitive to the time of 
applying it (156). More than 30 inches of water was waste-
ful (173). 
Sugar-beets did· not show a marked variation in protein or 
moisture content as the quantity of water applied varied. There 
was a slight increase in the sugar content as the water increased 
up to 35 inches. The percentage purity of sucrose was largest 
with intermediat e quantities of wat er and lowest with small 
quantities (120). 
Manuring.-Unmanured be.;: ts yielded 6.27 tons an acre. 
Yearly applications of 5, 10, 15, 30, and 40 tons of manure to 
the acre gave yields of 16.01, 18.03, 19.22, 20.49, and 22.13 tons 
of beets an acre', respectively. Each ton of manure gave an 
increase of nearly 2 tons of beets for the 5-ton manuring, but 
each ton for the 40-ton application increased the yield only 0.4 
ton per acre (172). 
Depth to Seed.-An experiment to determine the proper 
depth to sow beet seed showed that it is generally best to keep 
Thirty Years of Agricultural Experiments in Utah '13 
the seed within one inch of the surface, especially where the 
moisture content of the soil is high (164). 
Sugar-beet BTceding.-C~nsiderable attent ion has been given 
to breeding sugar-beets which are more suitable for our condi- , 
tions than the common seed. Experiments :have shown that 
beets grown from the Station seed are a little higher in sugar 
content than beets from imported seed, although the yield from 
imported seed is a little higher than from Station seed. The , 
weight of seed produced from the mother beets during the yearE 
1905 to 1913 ranged from 0.58 to 1.59 pounds to the beet (136). 
To help simplify sugar-beet breeding a study of the rela-
tionship of different characters of the mother beets was made. 
It was found that large beets tend to have low sugar content, 
that heavy mother beets are likely to produce most seed to the 
plant, that mother beets which produce tall stalks and which 
have many stems produce most seed. Other important char-
aders did not seem to be correlated (209). 
Wheat 
Ir-rigation.-Wheat is sensitive t o excessive soil moisture a.s 
well as to insufficient quantities: Where the soil was maintained 
at 20 per cent moisture content throughout the growing season, 
production was much better than where insufficient or exces-
sive moisture was present at some period of growth (152). 
The highest yield of wheat was produced with three irriga-
tions of 5 inches each, applied at the 5-leaf, the early boot, and 
bloom stages. When only one irrigation was given the best 
time to give it was at the 5-leaf stage. Where two irrigations 
could be given, applications at the 5-leaf and boot stages were 
most satisfactory. Water , applied after the grain was planted 
but before it came up as well as that applied after the grain 
reached the dough stage decreased thQ yield of grain. The date 
of maturity of wheat was retarded by excessive irrigations 
(146). Less than a third of the total weight of the crop was 
grain when 50 inches of water was used, while with smaller 
irrigations about half of the total weight .was grain (117). 
From 75 to 95 per cent of the yield of irrigated wheat was pro-
duced by the natural ,precipitation. Economy in the use of 
water was increased by applications of barnyard manure (146). 
Irrigation and Composition of Wheat.-As the quantity of 
water applied decreased, the percentage of water in the straw 
and grain decreased. The ash content increased as the quantity 
of water increased above the smallest quantities, both in the 
kernel and straw, although the kernels were affected less than 
the straw. The protein content of the grain irregularly de-
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creased as the water increased. Where the water was mostly 
applied early in the season the percentage of protein was high-
est. High percentages of protein induced by light · irrigations 
did not persillt in the progeny when large quantities of water 
were given the latter (120). 
The kernels of irrigated wheat outweigh those of dry-farm 
wheat. (See Dry-farming for further discussion of chemical 
composition of wheat as well as for treatment for smut.) 
Wheat Root System.-The greatest weight of roots was found 
at the fourth inch below the surface. More than 60 per cent of 
all root s were in the second, third, and fourth feet (32). Where 
the soil was tomparatively dry or the distance below the sur-
face to free water was great, the root development was greater 
than where conditions were more favorable for growth. The 
addition of fert ilizers to the soil reduced the relative root 
growth (201). 
Manuring.-Without manure wheat was found to yield 38 
bushels to the acre, whereas on land manured at the rates of 5, 
15, and 40 tons an acre, the acre-yields were 48, 55, and 51 
bushels, respectively. Much better use was made of manure 
when applied to beets or potatoes than to grain (172). 
Varieties and Grades.-The extensive mixtures that occur 
among the small-grain varieties occasion great losses to the 
farmers by reducing the market grades, lowering the yields, 
and causing shattering or shrinking because of variations in the 
time of maturing. The market grades showed 44 per cent of 
all wheat to fall in the mixed class as well as being graded 
down for other causes (227). A varietal survey of 2,024 wheat, 
627 oats, and 184 barley fields in Utah was made. Of twenty-
four wheat varieties found, 60 per cent of the fields grew Dick-
low, Turkey, or New Zealand. More than 70 per cent of all oat 
fields were Swedish Select and about 67 per cent of all barley 
was .of the Coast variety (174). 
Corn 
Irrigation.-From 15 to 25 inches was found to be the best 
quantity of water to use for corn (173). The largest yield of' 
corn grain was obtained with a total irrigation application of 
20 inches given in equal quantities when the plants were 12 
inches high, at beginning of tassel, at bloom, and at roasting-
ear stage. A greater yield of stover was produced with 30 inche8 
than with more or less. The efficiency of the first 10 inches of 
water applied was much greater than when more than this 
quantity was added. Large quantities of water caused the corn 
to have relatively less grain, cobs, and leaves, and more husks 
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and stalks; it also delayed maturity. Irrigation water had no 
important effect on tillering, weight per bushel of grain, or on 
the mineral content of the kernels~ It, however, reduced the 
nitrogen content of the kernels (133, 154). 
Cultivation.-Medium tillage has given slightly better yields 
than either shallow or deep tillage, or no tillage at all. Keeping 
the weeds from growing seemed to be the main advantage in 
cultivating. Level tillage was better than hilling · both in yield 
of grain and stover (66). 
Manuring.-For corn grown on land unmanured and manured 
at the rate of 5 and 15 tons an acre each year, the 9-year aver-
age acre-yields were 65, 84, and 89 bushels, respectively. Each 
ton of manure gave an increased yield of 3.8 bushels to the acre 
for the 5-ton manuring, but for the 15,-ton treatment there was 
only an increase of 1.6 bushel to the acre for each ton of manure 
(172). Although manure increased the yields of all parts of the 
plant, it increased the yield of stalks p'roportionately more than 
the grain. Corn matured earlier on manured than on un· 
manured land. Manure increased the weight of gra.in per bushel 
as well as the proportion of nitrogen and phosphorus in the 
kernels. The longest ears were produced on un manured land 
receiving 30 inches of water (133, 154). 
It was found that "the branches to the tassel and the number 
of ears to the plat were affected similarly by manuring and 
irrigation treatments (203). 
Oats 
/r'rigation.-Oats have given good returns for quantities of 
irrigation water ranging between 15 and 30 inches (173). Al-
though six weekly irrigations of 5 inches each gave a higher 
yield of oats (80 bushels per acre) than any other treatment, 
the yield was only one bushel greater than on the plats receiving 
but three 5-inch applications-one at · the 5-leaf stage when the 
plants were about 6 inches high, one when they were in the 
early boot, and a third when they were in bloom. With a single 
5-inch irrigation the best time to apply water was at the 5-leaf 
stage, and with two 5-inch irrigations one at the 5-leaf and one 
at the boot stage gave best yields. Irrigations at the dough 
stage were of very little benefit. Maturity was retarded by 
irrigation water, especially if it was applied late. Irrigating 
after seeding and before the plants came up decreased the yield 
below that of plats receiving no water (167). 
As the quantity of water applied increased the percentage 
of water and of ash in the straw, and to a less extent in the 
grain, increased. The protein decreased as the water increased. 
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In the straw the crude fiber increased as the water applied 
increased (119, 120). 
Manuring.-Manure in small quantities increased the yield 
of grain, but with large amounts lodging was so bad that much 
grain was lost. Manure increased the yield of straw more than 
of grain (167). Oats gave a yield of 79 bushels to the acre on 
unmanured land. Manuring at the rate of 5, 15, and 40 tons an 
acre gave yields of 87, 97, and 93 bushels to the acre, res-
pectively. The rate of increase was 1.6 bushels a ton of manure 
when 5 tons were applied but only .4 bushels a ton of manure 
when 40 tons were used (172). 
Barley 
Irrigation.-The maximum yield of grain was from an appli-
cation of 7.5 inches of irrigation water, although the yield of 
straw increased up to 39.5 inches. Barley, oats, and wheat act 
very similarly in their requirement for irrigation water. The soil 
should be kept moist between the first irrigation and the time 
of heading (117). These grains are also very much alike in the 
depth of planting (164), distribution of roots (32). and res-
ponse in ~oniposition to irrigation (119. 120). Barley appears 
to give better returns for a given amount of water than the 
other grains (116). 
Miscellaneous Crop Tests 
The root systems of rye, clover, and timothy (32), the 
depth of planting peas, beans, and sorghum (164), and the irri-
gation of carrots, onions, and miscellaneous forage crops (116, 
117, 118, 119, 120) have been the subject of other experiments. 
In the irrigation experiments, carrots followed sugar-beets 
very closely in water requirements, and the forage crops-
timothy, orchard-grass, brome-grass, and Italian rye-grass-
were somewhat similar to alfalfa in being able to use relatively 
large quantities of water to good advantage. The latter group, 
however, did fairly well with smaller quantities. 
MISCELLANEOUS IRRIGATION INVESTIGATIONS 
Water-flow in Canals.-It was found that the carrying ca-
pacities of new irrigation canals and ditches are less during the 
first season than in subsequent ones. Sediment and the degree 
of packing the canal bed had considerable influence on the car-
rying capacity of the stream. The smaller the channel of the 
stream the greater the retarding influence of a rough bed. The 
effect of water plants in checking the flow and thereby lessen-
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ing the capacity was often much greater than that of an uneven 
channel (71). In the few canals studied the loss of water dur-
ing transmission was about 20 to 50 per cent for two miles (26). 
Recovery of Seepage Waters.-ObservatiolliS in the Ogden 
and Weber Valleys indicate that while heavy losses may result 
from evaporation where the seepage water reaches the surface, 
a large part of the water diverted on the higher gravelly land 
finds its way back into the channels of the rivers later in the 
season. The water available for the lower-lying lands during 
late summer was apparently greater because of heavy diversions 
of water on the coarse, upper land early in the season. The 
temperature and the fineness of the sand through which the 
water passed seemed closely connected with the fluctuations in 
discharge from underground water sources (38). , 
Storage Dams.-Earlhen dams built of dry earth or earth 
moistened and packed are more likely to be injuriously affected 
by capillary action than embankments built under water. Earth 
deposited b2neath wat ~', !.' should contain less than 25 per cent of 
clay and should be com1Josed of different sized grains in order 
to pack best. Running a stream of water through the center 
of the embankment for the purpose of depositing the earth 
beneath the water also tests the safety of the structure before 
it is finished. This method of compacting the middle is almost 
as effective, and much cheaper than, using a core of different 
material (46). 
Duty of Water.-The duty of water in Cache Valley in 1896 
averaged 99.5 acres to the second-foot with a variation from 52 
acres in June to 166 in September. The total water supply of 
Cache Valley, exclusive of Bear River, varied from 3,276 second 
feet in June to 813 second-feet in September of 1896. The 
quantities used for irrigation on the corresponding dates were 
1,163 and 400 second feet. Gains in the streams by seepage 
averaged 500 second-feet in June, 182 in July, 34 in August, and 
61 in September (50). 
DRAINAGE 
The plants that grow on the soil will usually indicate whether 
the soil needs drainage due to alkali or to a water-table near the 
surface. Tile drains have been 'found much more profitable in 
the long run than open ones. Tiles should be laid at least 4 
feet deep and parallel to the greatest slope of the land at dis-
tances of about 100 to 200 feet apart for ordinary soils. The 
cost of draining seldom amounted to more than $15 to $20 an 
acre, and it could be done much more cheaply in many cases 
where a large area is drained and a trenching machine is used. 
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Drainage must be followed by vigorous cultivation and gener-
ous applications of irrigation water, but irrigation must not 
take place directly over the drains for at least a year or two. 
In silty soils check gates, which could be closed when the irri-
gation water was being ·applied and opened later for the 
drainage of the soil, were found necessary at various points in 
some drains. It required from one to five years to free alkali 
land from salts sufficiently to permit ordinary crops to grow 




With the exception of investigations to discover the adapta-
bility of different districts to dry-farming, practically all dry-
farm experiments in Utah have been carried on at the Nephi 
Substation in Juab County. 
Plowing.-The average for the period 1910 to 1919, inclusive, 
shows that spring plowing was better than fall plowing even 
though the yields of wheat were almost identical because one 
less cultivation is required for spring-plowed than for fall. 
plowed land. Disking the stubble in the fall immediately after 
harvest was not profitable. Plowing 5 to 10 inches deep gav~ 
better results than deeper plowing (175). 
Cultivation.-Fall-plowed fallow, cultivated each two weeks 
after June first, did not give better results than when culti-
vated once in early spring, once in summer, and once just before 
fall seeding. Destroying weeds seemed to be the most important 
benefit from cultivation. Spring cultivation of winter wheat 
was done at a loss (175). 
Cropping Systems.-Alternate cropping gave better satis-
faction in many cases than cropping two years in three, but the 
latter practice was found slightly better at Nephi than the for-
mer. Plats cropped each year gave a total yield of 187.2 bushels 
in sixteen years, cropping every other year 116.3 bushels, crop-
ping two years in three 184.4 bushels, and cropping one year in 
three 105.5 bushels. The average acre-yield of winter wheat 
was about the same after fallow as after light yields of corn, 
potatoes, or peas (175). 
Time of Seeding.-The first ten years' results show no cor-
relation between the time of sowing winter wheat and the yield, 
but the best yields have usually been obtained from plats seed~d 
between September 1 and October 15, depending on the locality. 
Late planting is often followed by winter-killing which com-
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pletely offsets the value of extra tillage and of the extra mois-
ture stored in the soil (204). The average winter survival of 
cereals was about 65 per cent (193). 
Rate of Seeding.-Winter wheat sown at the rate of 5 to 6 
pecks to the acre has given better yields than sowing either 
more or less (175). 
Wheat Varieties.-Winter wheat is by far the most important 
dry-farm crop in the Great Basin. Of the winter wheat varie-
ties the hard-red group has given the best results. Crimean, 
Turkey, Beloglina, and Bulgarian varieties lead all others in 
yield. The spring cereal varieties yielded less than winter 
varieties even when a better stand was obtained by spring 
sowing. Spring varieties are useful where winter wheat fails ' 
to give a good stand. As a six-year average Kubanka durum 
spring wheat yielded 11.9 bushel$ per acre, while Turkey during 
the same years yielded 19.7 bushels. The best yielding winter 
wheat out yielded the best spring, variety by about 6 bushels per -
acre (175). The average date of heading and also the average 
date of ripening :were nearly the sa;me for all varieties of 
wheat (193). 
Weight Changes after IIarvest.-Ther.e was a gain of from 
2.5 to 4.5 per cent in the weight of Cache Valley dry-farm grain 
wheat during t he fall after harvest. The factors apparently 
affecting the change of weight were temperature and humidity. 
A gain in weight was noted during winter and a loss , during 
summer, but the grain weighed less at harvest than at any 
subsequent time (130). 
Smut Treatments.~The best copper-sulfate t reatment to free 
grain from smut was one pound of copper sulfate to 10 gallons 
of water, soaking the seed 10 minutes and then drying it. The 
best formalin treatment was one pint of formalin to 50 gallons 
of water, soaking the seed 10 minutes and keeping it moist for 
2 hours (193). The formalin ' treatment when even as dilute as 
one pint of formalin to 60 gallons of water reduced somewhat 
the vitality of the seed. Oats were more resistant to the in-
fluence of formalin than wheat or barley. If the treated seed is 
thoroughly dried, it may be kept for at least six weeks without 
serious injury (108). 
Quality Studies of Wheat Products.-The bran and shorts 
produced from the irrigated wheat have a lower protein content 
than that produced from dry-farm wheat. Heavy kernels did 
not produce a greater percentage of flour than light ones (125). 
The percentage of nitrogen in wheat is no direct index to the 
amount of protein its flopr will contain. The average content 
of the flour from wheat produced by large amou~ts of water 
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was found to be 3.1~ per cent lower than that produced from 
spring dry-farm wheat and 2.01 per cent lower than that pro-
duced from winter dry-farm wheat, the difference being less 
where the moisture cont ents of the soil were nearly equal (125). 
The moist and dry gluten of Utah wheats is high and is 
considerably" higher for the dry-farm than for irrigated wheat. 
The gluten content of the common bread varieties of wheat is 
as high as that of the durum, but the gliadin content of the 
durum is slightly higher than that of soft varieties (125). 
Experiments to find the factors influencing the quantitative 
determination of gliadin .showed that fairly accurate results 
could be obtained with the polariscope when corrections were 
made for the strength of alcohol used (185). 
The method of harvesting wheat has no influence ,on the 
value of the wheat for bread-making purposes. Turkey Red 
wheat is superior to Kofod for making bread because it absorbs 
the maximum quantity of water and produces the greatest 
volume of loaf, with the highest percentage of food value (113). 
The flour of dry-farm wheat makes a slightly larger loaf 
than the flour of wheat produced under irrigation. The ratio of 
protein to volume of loaf is narrower in the dry-farm flour than 
in the irriga~ed flour (125). 
Other Grains and F orage Crops 
Grains and Potatoes.-The winter varieties of all cereals have 
given better results than have the spring varieties. Big Four, 
Black American, New Roosevelt, and Swedish Select spring 
varieties and Boswell and Winter Turf winter varieties of oats 
did best, but none of the yields were satisfactory. Barley ranks 
next to wheat in yield of grain per acre. Of the barleys, Bul-
garian and Turkestan winter varieties have given best results. 
Spring barleys have not given satisfactory yields. Corn, peas, 
beans, and potatoes did not give good results at Nephi except 
in years of high spring rainfall. Cropping every year was not 
good practice, but where rainfall was high before seeding time 
profitable yields were obtained. These crops were grown during 
the otherwise fallow year without affecting the following crop 
of wheat (175). 
Miscellaneous Forages.-Grain sorghums, broom corn, the 
millets, the prosos, and most other crops tested have given little 
promise as dry-farm crops in the intermountain region (132). 
Alfalfa.-Alfalfa has yielded ne.a,rly a ton to the acre as an 
average at Nephi. It is the most satisfactory dry-farm forage 
yet tried. On the dry-farm it was found better to press-drill 
alfalfa at the rate of 4 to 8 pounds an acre than to plant in any 
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other way. The results on the Juab farm showed Turkestan and 
Sand alfalfa to do better than the other varieties, although the 
results at- the other clry-farm stations where there was more 
moisture seemed to indicate no difference in the vegetative habit 
or in the yield of the varieties (175). 
SOIL MOISTURE STUDIES 
Moisture Storage.-The drier the soil in the fall the more of 
the winter precipitation was found in the first eight feet next 
spring. However, moisture penetrates deeper and more quickly 
in a moist soil. The water capacity of soils under field condi-
tions was usually not above 18 per cent. As high as 93 per cent 
and never less than 61 per cent of the total winter precipitation 
has been found in the upper eight feet of soil the spring of the 
fallow. From 54 to 65 per cent of the precipitation from 
September one year to September the next was retained in the 
upper six feet of soil. Fallow soil lost from .5 to 2.0 per cent 
moisture in addition to the rainfall between spring" and fall of 
the summer fallo\v. In the spring after a high precipitation 
moisture was stored to a depth of seven feet, while in dry years 
it accumulated only to a depth of three or four feet. It required 
0.5 to 1.0 inch of rain in the fall to connect the dry surface soil 
on fallow with the moist soil below (104, "158). 
Effect of Plow'ing and Cultivation.-Spring plowing was 
better than fall plowing for moisture conservation. Moisture 
was not conserved better by plowing both in fall and spring than 
by plowing only once. Burning stubble before fall plowing 
slightly increased the 'moisture content of fallow (158). 
The results show that the moisture of the cultivated fallow 
plats remain more constant throughout the season than that of 
th~ uncultivated plats which rapidly decline, perhaps due to 
weeds and volunteer grain. Cultivation to keep down the weeds 
conserved moisture, but cultivation of spring-plowed land which 
had no weeds was of doubtful value (158). 
Mulches.-Straw mulches were more effici,ent in preventing 
evaporation than soil mulches. Deep mulching more effectively 
prevented loss of moisture in spring-plowed fallow than in fall-
plowed fallow. Manure increased the water-holding 'capacity of 
cropped soil and slightly increased that of the second foot in 
fallow (158). 
Effect of Crop on Moisture.-Although corn, peas, and po-
tatoes used moisture to a depth of 5 feet they did not exhaust 
the soil so deeply nor so thoroughly as did w'inter wheat. The 
minimum point to which winter wheat used water from the soil 
was about 10 per cent. Fallow land at seeding time in fall 
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averaged 17.5 per cent of water in the upper 6 feet of soil. Dur-
ing winter after fallow about 4 per cent more moisture was 
added. Approximately 10 inches of water in the upper 6 feet of 
soil was available for the crop (158). 
SOIL STUDIES 
GENERAL 
Fertility of Utah Soils.-The soils of the valleys of Utah vary 
considerably in mechanical composition according to their origin 
and the agencies which have been active in their formation. 
Chemically the soils are similar in the abundance of their es-
sential plant=-foods. In a larger number of the Utah soils the 
phosphoric acid content is rather low, this and nitrogen being 
the limiting soil factors in crop production. In general, all of 
the soils are high in lime (52). 
Interaction of SoU Constit'llents.-Laboratory exp,eriments 
showed that calcium and iron salts decreased the 'solubility of 
the phosph~tes, that sodium, potassium and ammonium phos·· 
phates, ammonium chlorid and nitrate, and magnesium nitrate 
increased the solubility of calcium phosphate, and that sodium 
and potassium sulfate decreased the solubility of iron sulfate. 
The same soil constituent was not always equally available for 
the use of plants where the soluble salts present differed (182). 
Soil Elutr'iators.-Two important improvements in elutria-
tors have been made by the Utah Station to facilitate the separ-
ation of the soil into its various sized particles in making a 
mechanical soil analysis. One (229) consisting of 19 cylindrical 
vessels of varying sizes makes a complete separation in one 
operation. The other (89) is a centrifugal machine to hasten 
the separation of the very fine soil particles which otherwise 
cause the separation to be very tedious work. 
Cultivation and Nitrogen Accumulation.-From a study of 
the soils of a wide area in Utah it was found that the number 
of organisms, the amount of nitric nitrogen, and the nitrogen 
fixation were twice as great in cultivated soils as in virgin soils. 
Cultivation of the soil increased bacterial activity and available 
plant-food. Wheat soils contained greater numbers of organ~ 
isms and more nitric nitrogeN than alfalfa soils, but nitrogen 
fixation was slightly greater in the latter (199) . 
There was always a larger amount of nitric nitrogen in the 
fallow than in the cropped plats, but when the amount of nitro-
gen removed in the crop was taken into account it was found 
that more had always been formed in the cropped plats. Culti-
vated fallow soil contained more nitric nitrogen at the end of 
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the irrigation season than· the uncultivated fallow. In cropped 
land there was always less nitrogen in the soil in fall than in 
spring, while the reverse was true for fallow land (106, 189). 
Soil Moisture and Nitrogen Accumulation.-From a study 
of twenty-two soils it was found that every soil gave a maximum 
ammonification when they contained 66 per cent of their water-
holding capacity of water. Nitrification varied considerably in 
different soi!s, but it was at its maximum in soils containing 
50 to 60 per cent of its water-holding capacity. For nitrogen 
fixation there was a still less definite optimum moisture content, 
the different soils showing a range from 50 to 80 per cent of the 
water-holding capacity as the point of maximum activity in 
nitrogen fixation (232). 
Irrigation and Nitrogen Accumulation.-Variations in nitro-
gen content were more marked in the first foot of the cropped 
plats than elsewhere. The proportion of nitric nitrogen was 
found to be comparatively constant in the lower foot sections 
irrespective of the amount of irrigation water applied up to 25 
inches, which indicated that there was little nitrogen lost by 
1eaching from the lower depths of sampling (106, 189). Larger 
applications than this drove the nitrogen below the tenth foot. 
This probably accounts for the lowering of crop yields when 
large quantities of water are added. The best manuring and 
irrigation treatments for crops were also best for the ammon i-
fying and nitrifying bacteria. Manuring or irrigating affected 
the nitrates relatively. more than the total salts of the soil 
(208, 214). Neither irrigations nor manurings appeared to 
influence the nitrous nitrogen' (212). 
Effect of Crop on Nitrogen.-There was a stea.dy decr€ase in 
the nitric nitrogen content of the potato and corn land from 
period to period, but that of the fallow and alfalfa remained 
nearly constant. The nitric nitrogen disappeared rapidly from 
oat land during the last few weeks of growth. Alfalfa was 
found to be a heavier feeder on soil nitrogen than potatoes, not-
withstanding the fact that the alfalfa was abundantly supplied 
with root tubercles (106, 189). 
"Nitre Spots."-The accumulation of nitrates to form "nitre 
8pots" in southern and eastern Utah was found to be closely 
associated with accumulations of other salts, no~ably the 
chlorids. The country rock from which the soils of many nitre 
~)pots were derived was found to contain varying high percent-· 
ages of nitrates. That the nitre spots are the result of leaching 
of salts rather than action of bacteria was indicated from the 
fact that like conditions were produced by sterilizing soil and 
adding sodium nitrate. ·The leaching of the salts from the 
24 Circular No. 46 
country rock and subsequent transposal by underground water 
seems to be sufficient to account for practically all of the trouble 
resulting from nitre spots (114, 134, 150). 
Arsenical Poisoning.-Many cultivated" orchard soils contain 
arsenic in proportions which might cause injury to plants. 
Sometimes the arsenic could be accounted for largely by the 
arsenic in the rocks from which the soils were derived, but in 
some cases part of the arsenic .apparently came from sprays. 
There was no uniform relationship between the total quantity 
of arsenic in different soils and the water soluble, or toxic, por-
tion of it. As lead arsenate is very much less soluble than Paris 
green and most other arsenic compounds studied, it is the safest 
insecticide to use for orchards (194). 
Stimulation by Arsenic.-Bacteria respond to many sub-
stances very much the same <as higher plants and respond much 
more quickly. Stimulation of the ammonifying, nitrifying, and 
nitrogen-fixing organisms of the soils was noticed when a num-
ber of arsenic compounds were added to the soil in small quan-
tities, but in larger proportions all were toxic. It is thought 
that part of the stimulating effect is due to the arsenic's 
inhibiting injurious species of soil organisms. Arsenic also 
liberates phosphorus from its insoluble compounds and stimu-
lates cellulose ferments which activate the soil organisms 
(196, 200, 206). 
IMPROVEMENTS IN CHEMICAL ANALYSIS 
Nitrogen and Chlorids.-At various times improvements ' 
have been made in methods for determining nitrogen (183, 198, 
213), and chlorids (228) in the soils being analyzed. 
Arsenic.-In the course of the above experiments with 
arsenic difficulty was encountered in chemically determining the 
. arsenic. It was found that the amount of arsenic that could be 
recovered from a soil varied almost inversely to the quantity of 
iron added to the soil, but the influence of iron on the recovery 
of arse~ic could be almost entirely eliminated by the addition of 
stannous chlorid in proper quantities (197). 
Alkali Salts.-To help standardize chemical methods of de-
termining alkali in soils a large number of tests were run with 
the same soils but using different methods for finding the salts 
present. From the results obtained, it is thought that part of 
the discrepancies in the quantity of carbonates found in alkali 
soils have been due to differences in the proportions of soil to 
water used in extracting the salts and in the length of time al-
lowed for the solutions to dissolve the salts. The quantity of 
organic matter in the soil also greatly modified the carbonate 
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that could be extracted, the extract from synthetic soils being 
somewhat inverseiy proportional to the organic matter present. 
Extraction of carbonate was relatively less where the quantity 
added to the soil was sinall. Sodium chlorid and sodium sul-
fate gave rather uniform results under almost all condi-
tions (170). 
ALKALI 
Quantities in Field Soils.-A study of the alkali found in fi·eld 
soils of seven counties of Utah showed that the highest con-
centration and the location of the sa~ts varied considerably, 
occurring in some soils in the surface foot and in others at depths 
of two, three, and four feet. The highest quantities of salts 
found in the soils without causing apparent injury varied from 
2,440 parts per million in Salt Lake County to 10,852 parts per 
million in Millard County, with an average of 5,J)89 parts per 
milliWl for all seven counties. As an average of all places, when 
the concentration reached 9,263 parts per million, the crop 
yields were reduced to about half normal, and where the average 
reached 14,397 parts per million there was no gr.owth at all. 
Considerable variation was found in the chlorids and carbonates 
in different localities, but these salts did not vary nearly so 
widely as the sulfates. In counties not having sulfates as a 
major part of the total salts, there was crop injury with smaller 
quantities than where thIS salt formed a considerable propor-
tion. This was true especially in the eastern counties, the soils 
of which probably contain nitrates in toxic amounts as well as 
the usual alkali salts . (145). 
Alkali R esistance of Crops.-The seedling plants in order of 
greatest resistance to ordinary alkali salts were found to be: 
barley, oats, wheat, alfalfa, sugar-beets, corn, and Canada field 
peas. The length of time required for seeds to germinate was 
increased by the presence of alkali salts in the soil. The anion, 
not the cation, was found to have most influence on the toxicity 
of alkali salts, and the chlorid was decidedly the most toxic 
anion. From this experiment it appears that land containing 
more than the following percentages of soluble salts are not 
suited, without reclamation, to produce ordinary crops: (1) In 
loam-chlorids, .3 per cent; 'nitrates, .4 per cent; carbonates, 
.5 per cent; and sulfat es, more than 1 per cent. (2) In sand-
chlorids, .2 per cent; nitrates, .3 per cent; carbonates, .3 per 
cent; and sulfates, .6 per cent (205). 
A lkali Resistance of Crop Varieties.-In a study of the rela-
tive germination and early growth of different varieties of a 
number of crops planted in alkali soils containing different 
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quantities of sodium chlorid, sodium carbonate, and sodium 
sulfate a wide range of tolerance of the different varieties was 
noted. The 'grains gave -more promise of resisting large quan-
tities of alkali in early growth than the other crops tested. Of 
the forage crops vetch, cowpeas, alfalfa, and sweet clover are 
probably best adapted to alkali (168). 
Organic Matter and Alkali Resistance.-Organic matter re-
duced the injury 'caused by alkali, provided that an optimum 
moisture content for the plants was maintained. In every soil 
increasing the moisture content up to the maximum that will 
produce good crops decreased the toxicity of the alkali. Organic 
matter in a soi~ apparently removes sodium carbonate from the 
soil solution and so reduc€-s the toxicity of this salt (221). 
To xicity of Alkali to Bacteria.-The common soil alkalis, es- . 
pecially the chlorid, nitrate, and sulfate, were very toxic to 
ammonifying 'organisms of the soil, the toxicity being somewhat 
the same as for wheat seedlings. Certain of the salts stimu-
lated ammonification at the lower concentrations, the amount of 
stimulation varying greatly with the different compounds (207). 
Since the nitrifying organisms did not indicate the toxicity 
of alkali salts to be similar to that for wheat seedlings, it is 
concluded that the ammonifying power of the soil is a better 
index of the toxicity of salts in the soil to crop production than 
the nitrifying power (224). 
Antagonism Between Alkali Salts.-A true antagonism, as 
measured in terms of ammonification, was found to exist be-
tween calcium sulfate and the carbonate, nitrate, and sulfate of 
sodium and also between calcium and magnesium chlorids, and 
magnesium sulfate. This was greatest with sodium carbonate 
and did not occur with sodium chlorid. With most compounds 
nitrification also indicated ant agonism between the salt s above. 
A number of the iron compounds were also found to have a 
beneficial effect in antagonizing alkali salts ,as indicated by 
ammonification and nitrification (233). 
Movement of Alkali Salts.-Most alkali salts move very read-
ily with the movement of water through the soil~ accumulations 
occurring wherever evaporation takes place. The upward move-
ment of salts and their concentration at the surface was es-
pecially marked in soils containing large quantities of salt s (139). 
Alkali in Utah Waters.-To discover whether the water from 
Utah streams, reservoirs, springs, or wells contains enough 
alkali in solution to cause injury to the soils irrigated with them, 
a large number of analyses have been made. Of fifty-eight 
rivers or creeks tested thirteen contained what might be con-
sidered harmful quantities of salts. Water from Sevier, Price, 
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Emery, Beaver, Jordan, and some other streams is likely ' to 
cause an accumulation of alkali unless care is taken to prevent 
it. Wells and springs are nearly constant in their alkali con-
tent throughout the year, while rivers were influenced by seep-
age wat er in their lower courses, especially in late summer (163). 
So much of the total salts of Utah streams consists of the 
harmless bicarbonates of calcium and magnesium that a mere 
determination of t otal salts in the water is not a sufficient basis 
for passing judgment on the desirability of the water for irri-
gation. In some instances fully 50 per cent of the total salts 
were harmless. There was considerable variation in the com-
position of the Sevier River at different times of the year (147). 
Safety Limits for A lkali Water.-In an attempt to more 
definitely learn at what concentration irrigation water contain-
ing varying quantities of the different alkali salts would cause 
injury to crops, it was found that more than 500 parts per mil-
lion of sodium carbonate, 1000 parts per million of sodium 
chlorid, 4000 parts per million of sodium sulfate, or 4000 parts 
per million of a mixture of the three salts caused severe injury 
in two or three years where none of the water added was al-
lowed to drain off. The effect of strong alkali irrigation water 
was much more noticeable on very young plants than on those 
at the 5-leaf stage (169). 
MACHINERY 
Draft of Plows.-In tests of machinery coulter s were found 
to add about 11 per c~nt to the draft of plows. A dull share on 
a walking plow drew 7 per cent harder than a sharp one. A 
poorly sharpened share required 36 per cent more power than a 
new one. The wider the furrow up to the standard width of the 
plow, the less the force required to turn a square inch of soil, 
but beyond this point little or no decrease was found. Forcing 
the plow to go deeper, shallower, wider, or narrower than the 
hitch, influenced the draft very little from the normal. When 
the sulky plow was forced to take land through adjustments 
whleh caused the pole to form a line at an angle with the plow, 
there was a loss of draft. Not much difference in draft was' 
found between the walking plow and the sulky plow with a 
rid~r. Sulky plows drew easier down hill and much harcler up 
hill than walking plows (2). 
Draft of Harrows.-The rolling cutters moved the soil deep-
est and loosened it more than other shallow tillage tools. Of 
the harrows which penetrate deeply, cut-away harrows draw 
the most easily for a given amount of soil stirred. Spring-tooth 
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harrows have moderate dra~t, fine the soil moderately well, till to 
an average depth, but leave the soil with an uneven bottom and 
more compact than the cutters. On newly-plowed grass sward 
they tear up the sod. The square-tooth and the -smoothing 
harrows run more easily but stir the soil only slightly. The 
efficiency of different harrows varies with the soil on which it 
is used and on the condition of a given soil. Harrows move less . 
earth for a given amount of force than p10ws, but less effort is 
needed to finish the seed-bed after the harrow than after the 
plow (6). 
Dr aft of Wagons.-On moist but close bluegrass sward wagon 
wheels with tires one and a half inches wide drew 41.6 
per cent harder than with 3-inch tires; ·on a dirt road, slightly 
moist, they drew only 12.7 per cent heavier. Draft on a plank 
road .was about one-seventh the draft on a mud road in its 
ordinary condition after a rain. When running over an ordin-
ary road a load over the hind wheels drew 10 per cent more 
easily than when placed over the front wheels. When detached 
the hind wheels drew 23 per cent more easily over an obstacle 
three inches high than the front, but as attached to the wagon 
they drew harder than the front ones. Lowering the reach on the 
hind wheels decreased draft. Wagons drew more easily when 
the draft had an upward incline. Power from a long hitch or 
lead horses was less effective than where hitched closed. A 
wagon pulled 21 per cent harder when not greased than when 
well greased. The load that could be drawn varied from 1310 
pounds on a loose gravelly road just made to 7355 pounds on a 
good gravel road and to over 13,000 pounds on a plank road (4, 7). 
-
Dr aft of Sleds.- In winter on well pa~ked .Enow sleds drew 
harder over the same ground than did wagons the previous fall. 
Change of load from the front to the rear end of the sled did 
not materially affect the draft, as it did with wagons. A high 
hitch on a sled seemed bett er than a low one (6). 
Dr aft of Mowing lvlachines.-T he draft of a mowing machine 
was increased 4 per cent by a loose pitman box, 9 per cent by 
a dull or poorly sharpened sickle, 2 per cent by the cutter-bar 
being . out of line with the pitman rod, and 7 per cent by having 
guards out of place. An old nlachine in good repair ran more 
easily than a . new one. When the cutter-bar inclined upward 
the draft decreased 13 per cent from what it was when inclined 
downward. The draft for the work done was 20 per cent less 
on a 6-foot cutter-bar than on one 41,4 feet in length (7). 
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FARM MANAGEMENT SURVEYS 
Factors Affecting Farm Profits.-There was a decided in-
crease in the profitableness of Utah farms with increasing total 
farm capital up to $20,000, but beyond this the increase was 
relatively much slower than the increase in capital. More acres 
of crops were found on the large farms than on the small ones, 
but the proportionate area cropped was less. Horse and man 
labor as well as machinery were used more efficiently on the 
large farms than on the small. A larger percentage of the 
capital was directly productive on farms with a large capital 
than on farms with a small capital. 
As a rule the farms with the highest crop yields to the acre 
were most profitable. Increase in size of farms influenced the 
labor income more than did increase in acre-yield of crops, 
provided average crop yields were maintained. As the number 
of livestock and the net livestock receipts per productive animal 
unit increased the labor income increased (160). 
Types of Utah Farms.-Data compiled from farm records of 
Utah farmers during the years 1914-1916, inclusive, show a 
wide diversity of ' farm business due to climatic, soil, and econ-
omic differences. Farms near good markets, such as in the 
Sandy, Hyde Park, and Pleasant Grove areas, have a greater 
number of important sources of income than in areas .3uch 
as Beaver, Ferron, Wellington, and Monroe. The prin~i~al 
sources of income for the latter districts were cattle and ~heep 
sales, and the principal crop was hay to feed the livestock in 
winter. The greater the distance to markets the greater the 
proport ion of the income derived from livestock. The farms 
were larger and the type of farming more extensive in local-
ities some distance from large markets than where the markets 
were near. . 
Sugar-beets formed the most important source of income in 
the Hyde Park and Pleasant Grove areas, with dairy product s 
second. Grain ap d dairy products were most important in 
the Sandy area, but none of the important sources of income 
were outstandingly greater than others. For the districts in 
which sugar-beet s and dairy cattle were important, t he number 
of acres of beets and t he number of cows to the f arm varied 
directly as the number in t he family. In all areas the farms 
were essentially family-size farms. Very little outside labor 
was hired except in rush seasons. Fluctuations in the prices 
of the differ ent products make the labor income of the different 
areas change in relation t o each other (177). 
Profits in Farming.- It wa:s found that on the average the 
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farms in no county of Utah can pay for themselves in ten 
years and at the same time leave enough money to permit a 
decent living for the operator and his family. The farms in 
several of the counties could not pay for themselves in thirty 
years at the pr.evailinsr interest rates (236). 
Labor Requirements of Crops •. -A study of the time required 
to produce various irrigated crops in the valley of the Utah 
Lake showed the following number of horse and man labor 
hours to be used by the farmer in producing an acre of crop 
of the size given. 
Crop Acre-yield 
Alfalfa _________________________________ _ 
Grain ____________________________ ___ ____ _ 50 bushels _____________ _ 
Potatoes ____________________ __ ________ _ 200 bushels _____________ _ 
Sugar-beets _________________________ _ 20 tons ___ . ____ ._. ____ ._._. 
Onions ____ _________________ __ __________ _ 600 bushels_._. _________ _ 
Canning Peas _____________________ _ 2.5 tons .. _ ... ____ ___ .... 
Snap Beans ________________________ _ 3 tons __________ . _______ _ 
Toma toes ________ ___ _________________ _ 18 tons ______ . ___ . __ _ .. _._ 
Apples _________________________________ _ 400 bushels .. .. .... _. ___ _ 
Pears ________ _______ ~-------------------. 8 tons ........ __________ _ Prunes. ________________________________ · 12 tons._. __ __ ____________ . 
Peaches _______________________________ _ 600 cases ___ .. ____________ . 
Raspberries _________________________ . 275 crates __ ..... _________ . 
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By choosing the proper combination of crops for a given 
farm it.is possible to make better use of labor .during all seasons 
of the year than where the crops grown are such as to require 
a large proportion of the combined work of all crops to come 
during a short period (165). 
HORTICULTURE 
CLIMATIC CONDITIONS 
Temperature Variations with Elevation.-A study of fifteen 
square miles of fruit-producing land varying in elevation from 
4,428 to 4,901 feet in Cache Valley showed that the minimum 
temperatures experienced by bench lands and upper slopes of 
the tillable area averaged from 6° to 10° F. warmer than the 
valley bottoms. Variations in minimum temperatures at 
different elevations as influenced by drainage of cold air to 
lower levels was much the same throughout the year regardless. 
of the season. Different sections of a mountain valley exper-
ience only slight variations in maximum temperatures. 
Clouds interfere with free movement of the cold air flowing to 
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low areas, and winds sometimes disturb the general relation-
ship between temperatures of high and low areas (141). 
Freezing of Fruit Blossoms.-Experiments in which apple, 
. peach, cherry, and plum buds and blossoms were subjected to 
various degrees of freezing temperatures , showed that fruit ' 
buds in the same orchard do not have a uniform freezing point. 
An orchard can stand two or three freezes without losing more 
than half of its buds or enough to materially reduce the normal 
yield. There is a range of at least 5 degrees between the 
temperature that kills 5 per cent of the buds and that which 
kills all of them. About half of the full-bloom blossoms of 
Jonathan apples were killed by a temperature of 24°F., while 
there was no damage at all at 28.5° F. The further developed 
the buds are the more sensitive they are to frost. With Elberta 
peaches the temperatures at which 50 per cent of the buds were 
killed were as follows: 14° F. when the buds were slightly swol-
len, 18° F. when well swollen, 24° when showing pink, 25° when 
in full bloom, and 28° when the fruit was setting. Prune buds 
were slightly more hardy than the other kinds of fruit tested. A 
temperature of 24° F. killed practically all the setting fruit of 
cherries, while 29° F. was not injurious (151). 
Moisture and Frost Inju-ry.-Moist buds were damaged less 
by frosts of from 5° to 9° below freezing than dry ones at 
similar or slightly lower temperatures (128). 
Water at a temperature of 55° F. when forced in a fine spray 
over apricot trees did not prevent the buds from freezing, and 
the air about the trees was slightly lower with the spray than 
without. The air about the mist covered trees warmed more 
slowly in the morning when the sun came out 'than did that 
where there was no spray mist. Orchards could not be warmed 
by spraying water (161). 
Orchard Heating.-In order to determine the amount of heat 
required to warm the air, electric heaters were distributed 
about in the open somewhat as smudge pots are distributed in 
an orchard. It required 13 watts to the square foot or ap-
proximately 759 horsepower of energy to the acre to raise the 
temperature 1 degree Fahrenheit. Orchards with 100 smudge 
heaters to the acre are able to maintain the temperature of the 
orchard 'about 4 degrees warmer than the surrounding unheated 
area when the wind velocity is low, but with winds of 10 miles 
an hour this increase is ,reduced to about 1.5 degrees. 
Studies on the yields of fruits, selling price, and frost dam-
age of Utah orchards show that by the most economical heating 
the value of the fruit saved is approximately equal to the cost 
of , saving it. It is doubtful if orchard heating pays in Utah 
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except where the cost of heating is low, the price of fruit high, 
and the area free from winds at the time of heating. There is 
a tendency to commence heating too soon and too often in view 
of fruit hardiness (161). 
Temperature Prediction.-It is possible to predict the tem-
perature of a given place for a given hour of a given day by use 
of a mathematical formula when the mean temperature of the 
place is known. The formula is a fairly accurate means of 
predicting the temperature where abnormal storms do not 
interfere (237, 238, 239). 
Bulletin No. 166 gives a summary of the climatic conditions 
of the state. 
PRUNING AND THINNING 
Effect of Pruning on Growth.-In an experiment with a 
young-bearing orchard it was found that apple trees on which 
the terminal twigs were cut back to the lateral branches to 
induce a spreading habit produced a greater annual twig growth 
than trees without this treatment but otherwise similarly prun-
ed. Prunning while in a dormant period induced a greater 
total twig growth than where left unpruned but not so great 
as where pruned both then and during summer. Summer 
pruning reduced the area of fruit-bearing wood and the vitality 
of the tree. Rubbing the water shoots from the center of the 
tree occasionally during the summer had practically no influence 
on the crop yield (140). 
Effect of Pruning on F r ui t.-Trees on which it was attempt-
ed to change the form from upright to spreading yielded less 
than those allowed to assume their upright growth. A smaller 
yield of marketable fruit to the tree was found on summer-
pruned trees than on those either winter-pruned or not pruned 
at all. Jonathans produced more fruit when winter-pruned 
than when unpruned, but the reverse was true with Ganos. 
The effect of summer pruning was practically the same whether 
performed. early or late in the season. The color of fruit on 
the unpruned trees became slightly inferior after a few years. 
The size of the fruit was largely equalized by thinning. Fruit 
production appears to fluctuate more from year to year on the 
winter-pruned trees than on the summer-pruned or unpruned 
t rees (140). 
Thinning Apples.-Under the conditions of this experiment 
young vigorous bearing apple trees of the Jonathan and Gano 
varieties showed a tendency to overbear soon after reaching 
a pr oductive age. Thinning Jonat hans t o a minimum distance 
of 4 inches on 8- and 9-year-old trees still lef t too many apples 
for their maximum development . The best results were ob-
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tained from thinning just after the June drop. The cost of 
thinning was more than offset by increased yields (252). 
MISCELLANEOUS INVESTIGATIONS 
01~chard By-Products.-It was found economically possible 
to use cull apples in making apple candy. The experiments 
showed the candy to be highly palatable and it sold readily to 
the public. Commercial apple candy production should help 
to make orcharding more profitable by offering a better market 
for cull apples (179). 
Irrigation of a Peach Orchard.-The m'ore porous the ·soil the 
more frequently peach trees needed watering to make the best 
growth. Increasing the frequnecy of irrigating up to weekly 
irrigations increased crop production. Maximum efficiency in 
the use of water was obtained when 31 inches were used each 
season. Poor color of fruit was associated with small total 
quantities of water per season. High .coloration of the peach 
was associated with late watering (142). 
Root System of Fruit Trees.-Under ordinary condiCons the 
roots of fruit trees were found to extend into the ground about 
the same distance as the height of the tree above ground. The 
method bf irrigating and amount of water applied altered the 
general shape of the root system and made it a deep-rooted or . 
shallow-rooted tree. Judicious irrigation and drainage aids the 
development of a correct. root system (143). 
In jury by Rising lVater Table.-The normal precipitation 
caused a rise in the water table of orchards but not so much as 
long continued irrigation. The fluctuation in the water level 
caused by heavy irrigations followed by long dry periods was 
disastrous to fruit crops (144). 
In jury by Arsenic Poisoning.- A study to discover the extent 
of orchard ihjury due to arsenical poisoning by spraying showed 
that aJkaline seepage alone is sufficient to cause the death of 
fruit trees supposed t o have been killed by arsenic in t he soil. 
Ordinary spraying is not likely to cause injury to t he t rees or 
the soils of orchards (184) . 
Injury by Smelter Sm-oke.-Orchar d and shade trees, bush 
fruits and vegetables, in the pat h of winds blowing from smel-
ters, were in some cases badly injured. The main injury 
appeared t o be due t o sulf ur dioxid and was most harmful in. 
places with considerable moisture (88) . 
Varietal Tests.-Numerous varietal tests of fruit and shade 
t r ees as well as many vegetables have been made at various 
times by the Experiment Station. 
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ENTOMOLOGY 
ALFALFA WEEVIL 
Habits.-The alfalfa weevil will feed and breed on alfalfa 
and on bur, white sweet, yellow sweet, red, white, alsike, and 
crimson clovers. The various vehicles which pass through an 
infested region help to spread the weevil. Mountain ranges 
do not S2em to obstruct the flights. Although the adult causes 
considerable inj ury by stripping the epidermis from the stalks 
and oft en slitting the leaves so they are destroyed, the injury 
is practically all due to the larva. 
Control.-Suggested remedies to prevent ser ious injury by 
the pest are as follows: (1) Disk the alfalfa in the early spring 
to st imulat e it t o bet ter growth; (2) cut the first crop when 
most of the . eggs are laid (about the middle of May) ; (3) brush-
drag the field thoroly. Allowing alfalfa to become more than 
7 to 8 years old in an infected district is hazardous because 
old fields suffer more from the insects than younger ones (110). 
The arsenical spray is giving excellent results. 
GRASSHOPPERS 
Control.-The best me~ns of controlling grasshoppers is to 
destroy the eggs after they have- been deposited in the breeding 
grounds in the fall 'by disking, spring-tooth harrowing, or 
shallow plowing. Young army grasshoppers may be controlled, 
by means of a brush harrow, by trapping and killing in a trench, 
or by the use of "balloon" hopper catchers. The young "alfalfa" 
hoppers may be destroyed with poisoned bran mash or they may 
be caught with grasshopper catchers. The adult army grass-
hopper cannot profitably be destroyed after its wings develop 
(138) . 
CODLING MOTIJ 
Habits and Control.-Most of the first-brood worms and ove!' 
half . of the second enter the calyx cups; therefore, the proper 
time for early spraying is just after the blossoms fall and before 
the calyx closes. The first spray is by far the most valuable 
one that can be applied, killing 98 per cent of all worms enter-
ing the calyx during the year and over 99 per cent of the first 
brood. The second brood in Utah is tim or more times as large 
as the first; therefore, each first-brood worm killed prevents 
the appearance of ten in the second. Ninety per cent of the 
worms entering the calyx in August and Septe~ber were kill-
ed by poison applied in June. The first spray alone will not 
control seriously infected orchards but must be combined with 
other sprays and banding (95, 129). Bands should be placed on 
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the trees a few days before the first moth appears and examined 
every nine days during the existence of the first brood and once 
a month toward the end of the season (87). 
A digger wasp which preyed upon the codling moth was 
found very effective in preventing damage by the moth where 
the diggers were abundant (64). 
SUGAR-BEET LEAF HOPPERS AND BLIGHT 
Habits and Control.-The beet-leaf hopper (Eutettix tenella 
Baker) was quite common in 1905 when "curly leaf" or "blight" 
of beets was serious. It is not definitely known that this is 
the only cause of blight, but this insect when put in a cage with 
sugar-beets caused the condition. The insect is a native of the 
south-western part of the United States where it lives on 
shad scale, greasewood, saltbrush, and similar plants. . 
The severity of the blight is thought to be dependent upon 
the number of insects present, the time of their appearance, 
the size of the beets, and the temperature of the surface soil, 
together with the temperature and moisture of the surround-
ing air. Early planting and, . in some sections, early and 
frequent irrigation are recommended as control methods (155). 
BEEF-CATTLE FEEDING 
To give a better understanding of the extensiveness of the 
experiments reported in the principal steer feeding bulletins 
reviewed below the following information is given: All steers 
were local range animals from 2 to 2112 years old. The number 
of steers in each lot .and length of experiment were: (44), 2 
steers 102 days; (54), 4 steers 90 days; (61), 3 steers 112 days; 
(90), 2 steers 107 days, and (101), 5 steers 70 days. 
Balance of Rations.-In trials with alfalfa, mixed hay and 
straw with wheat and bran as concentrates, feeds with a nutri-
tive ratio of 1 to 4.81, proved better than others tried. However, 
the use of mixed fodder in the ration appeared to have more 
to do with the feeding value than the nutritive ratio. By 
feeding steers as much straw as they will clean up in connection 
with wheat and bran, the nutritive ratio of our rich protein 
feeds was found to need little attention (44). 
Porage Crops CompaTed.-The feeding value of alfalfa, red 
dover, and timothy hays, with equal rations of grain, was 
found to be in the proportion of 91, 75, and 97, respectively, 
while the amounts eaten per day stood 100, 80, and 95. The 
first and third cuttings of alfalfa were superior to clover and 
timothy both in rate of gain and food per pound of gain (44). 
Alfalfa did best (1.69 pounds a day), and timothy poorest 
36 Circular No. 4u 
(1.31 pounds a day), in a rate-of-grain test without grain. The 
quantity of dry matter required for .a pound of gain was highest 
for alfalfa and lowe.st for corn fodder, with timothy ranking 
second, the proportion being 100, 94, and 71, respectively. As 
compared with the other forages, alfalfa was especially high 
in digestible protein and low in digesible fiber (54). 
A ration of alfalfa hay and straw with grain proved super-
ior to alfalfa and grain alone. Mixed hay and grain was better 
than alfalfa and grain but not quite equal to alfalfa, straw, and 
grain. Shredded corn fodder was one of the most valuable 
forages, but timothy did not prove a profitable food. A com-
parison of the digestible matter in a number of foods showed 
them to stand in the following order: barley, 100; pea meal, 89; 
bran, 70; corn stover (fodder and grain ) 68; alfalfa, 64; 
timothy, 63; and straw, 51 (44, 54). 
F ield Pea vs. Alfalfa.-Tr ials with the Golden Vine Field 
pea in 1900 showed it s acre-yield of protein to be .1,333 pounds 
while that for three crops of alfalfa was 1604 pounds. The 
protein appeared to be slightly more digestible in the pea hay 
than in that of alfalfa, especially when the peas were in early 
broom at which time it was most digestible. Unlike alfalfa, the 
stalks were more digestible than the leaves. From its chemi-
cal composition pea vine hay appeared to be more valuable than 
alfalfa hay. The loss of nutrients was very rapid after early 
bloom (69). 
Alfalfa C 1'''OP S Comvar ed.-The feeding value of the first, 
second, and third crops of alfalfa hay for steers (18.89 pounds 
for 1 pound of grain as basis) ranked 100, 75, and 110, respective-
ly, the relative amounts eaten per day (23.05 pounds as the 
basis) being 100, 97, and 105. The t hird cutting was lowest 
in dry matter as well as digestible matt er eaten per pound of 
gain (44). The' beef produced per acre, as an average of 5 
years, was much the highest for the fir st crop and decidedly 
lowest for the third crop the proport ions for early cut alfalfa 
being 100, 80, and 69 (61). 
E ar ly- vs. Late-Cut Alfalfa.-E xper iments to det ermine the 
proper t ime to cut alfalfa showed t hat in t he amount of beef 
produced per acre the standing of the cuttings was as follows; 
early-cut (j'ust 'befor e bloom)~100; medium-cut (one week 
after first bloom)- 71 ; and late-cut (one week after f ull bloom) 
- 71. Steers fed alfalfa either with or without grain ate slightly 
Inore hay per day and made most rapid gains on the early-cut 
alfalfa and the lowest for t he lat e-cut (44). Pound for pound, 
the early-cut gave best results, and the late-cut was poorest, 
the relationship being as 100, 85, and 75 for the early, medium 
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and late cuttings. Variations in the amount of the different 
cuttings eaten per day was slight, being highest for the early 
cuttings and lowest for the late, yet the quantity of dry matter 
and also of digestible matter for a pound of gain was decidedly 
lowest for the early cutting and highest for the late, the propor-
tion being 100, 131, and 166 for early, medium, and late cut-
tings (61). 
Sugar-Beet Pulp Feeding.-More dry matter was eaten per 
pound of grain when only alfalfa and beet pulp were fed than 
where part of the alfalfa was replaced by grain. Steers which 
received only alfalfa and pulp made practically equal gains 
throughout the feeding period, while those that recevied grain 
made larger and cheaper gains the latter part of the feeding 
period than the fore part. In the following table a summary 
of a feeding test with alfalfa, pulp and grain during the 107 
d~ys is given (90): 
--
Part of full ration of Food per pound of gain 
I Bra n I Daily 
I 
I I Total 
Alfalfa I and I Pulp gain Alfalfa Grain I Pulp I Dry I Shorts I I Matter 
full ---- -~- - I full 
I 
0 1.60 9.8 4.6 .... ... .12.66 
full _____ __ _ 
I 
0 full 1.48 11.5 ... -... -. 31.4 13.05 
full _. ______ full full 2 .26 7 .2 3.2 17.0 10.68 full ___ ____ _ I lh full 1.82 9.2 . 2.0 19.1 .11.65 lh _ ......... I full full I 2 .00 I 4.3 3.6 21.3 8.87 
The relative profitableness of feeding grain or using pulp 
only can be figured from the table. 
In another experiment it was found profitable to add 4 pounds 
of grain to a ration of alfalfa and beet pulp because each pound 
of the grain displaced 3 pounds of alfalfa and 17 pounds of 
pulp. The gains increased and the cost of. production was re-
duced by limiting the pulp to from one-fourth to one-half 
allowing all the alfalfa that would be eaten rather than feeding 
both feeds ad libitum. Limiting the alfalfa in the same way, 
with all the pulp the animals would eat, reduced the gains and 
increased the cost, although limiting either of the roughages 
was better than feeding both ad libitum (101) . 
Beet Pulp and lIJolasses as Feeds.-Faster and more ecanom-
ical gains were . made when molasses displaced part of the 
grain than where only grain and alfalfa were fed. Each pound 
of molasses decreased the alfalfa eaten .55 pounds and the grain 
.3 pounds for each pound of gain (101). 
Roots as a F eed.-In a t r ial lasting 88 days in which two 
lots of three animals each were fed mixed hay, corn fodder, 
and grain the lot fed 16 pounds of mangel wurtzels daily gained 
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0.13 pound daily more in live weight than those not receiving 
mangles. There was a greater shrinkage in dressed weight for 
root-f ed animals than for others. It required 4,200 pounds of 
roots to disp~ace 794 pounds of roughage, or at the rate of 
about 5. to 1 (17). Roots were found to be very expensive 
feeds (54). 
Green vs. C'll1'ed Grass.-In a 21 day experiment with three 
lots of three cat tle each, receiving no supplemental feeds, 
indicated that green feed was no more valuable than well air-
dried food and that immature grass was not as valuable as when 
mature. Cattle on pasture required 28 per cent more feeding 
area t han where soiling was practised. More dry matter was 
required for a pound of gain during summer than during winter, 
or, as the season grew warmer, the gains decreased (15, 16). 
Grass VaTieties.-Two years' trials 'of steers on TJ1asture 
showed that they did very much better with mixed grasses than 
when pastured on any of the single grass crops. Of the single 
varieties tall oat grass was best, with timothy second and alfalfa 
third. A pound of wild hay was found to be more valuable 
than a pound of timothy (33). 
Value of Grain in a Ration.-It was not found profitable to 
feed grain with alfalfa during the preliminary period to fat-
tening. The cost of a pound of gain increased as the steers 
became fatter (54). Crowding steers for a short period in the 
spring aft er moderat e winter feeding, in which the steers made 
only small gains, was not found to be a profitable practice (35). 
In an experiment with lots of 4 steers each lasting 84 days 
with a common rat ion of mixed hay and 4 pounds of grain 
daily, 'root-fed steers gained 1.5 pounds per day; straw-fed, 1A7 
pounds per day; and silage-fed, 1.28 pounds per day for each 
steer. The proportionate weights of the three above feeds 
eaten was 2.8, 1.0, and 2.3, and the hay and grain equal. Steers 
receiving 4, 6, and 8 pounds of grain daily in addition to mixed 
hay and straw showed daily gains of .98, 1.42, and 1.49 'pounds, 
respectively per steer. The cost per pound decreased as the 
amount of grain fed increased when the hay was valued at $6 
per tQn, straw at $2 per ton, and grain at 75c per hundred 
weight (35). 
Grain Alone . -Feeding grain alone to a 2-year-old steer for 
17~ days gave a gain of 1.86 pounds daily. It required 5.7 
pounds of grain for a pound of gain. Cattle on grain alone 
drink very little water and void a larger ratio of it as urine than 
when receiving coarse ~eed with it. Animals practically ceased 
ruminating when receiving no coarse feed (21). 
Value of Shelte1'.-The best results, both in rate of gain and 
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economic use of foods, were obtained by allowing the animal the 
freedom of the corral and a good open shed to be used at will. 
Cattle ate more when in the open air than when confined in 
barns, but the open air animals made better use of the 
food (11, 23, 54). 
DAIRY CATTLE 
Grain Feeding.-A test was made with lots of 3 cows each 
covering two 21 day periods to find the effect of grain on milk 
yield. With cows fed good alfalfa and 4 pounds of mixed bran 
and shorts daily an additional feeding of grain was found to have 
little more feeding value than an equal amount o~ alfalfa hay. 
The production of but ter fat was cheaper on 4 pounds of grain 
than on 8, although the yield was slightly smaller and the 
seasonal flow not so well maintained for the lesser amount of 
grain. The total milk and fat produced for 4 and 8 pounds of 
grain were: 4738 and 4758 pounds of milk and 180 and 197 
pounds of fat, respect ively (101). An increase in the quantity 
of concentrates did not increase the richness of the milk (43). 
Forages Oompared.-Alfalfa hay and grain seemed more 
economical for the production of dairy products than mixed hay 
and grain, but the weight of food eaten varied little (43). Cal-
culated from the amount of food eat en the ration of alfalfa and 
corn f odder produced milk and butter fat for a little less 'outlay 
in dry matter than the alfalfa ration. Calculated from the 
amount fed there was practically no difference (68). Butter 
made f rom alfalfa-fed cows had a higher color and a firmer body 
than that from cows fed on corn fodder (73). 
A lfalfa Crops Compare d.-In this test the milk r ecords of 3 
groups of 5 cows each were taken during a two year period. A 
comparison of the differ ent crops of alfalfa hay for milk pro-
duct ion when a mixed grain ration of .65 pounds per cow daily 
for each pound of fat per week was fed showed the second crop 
- to be fully equal to the other cuttings, although it was less 
relished. The standing of the different crops of alfalfa for dairy 
cows was as follows (126): 
Crop Feed Units I Butter Fat Produced I Fat for 100 feed Units 
14,055 I 703 lbs. I 5.00 
12,835 687 lhs. I 5.36 
14,120 676 lbs. 4.78 
1st ____ ___ _ 
2nd ___ __ _ 
3rd _____ _ 
Value of Succulent Feeds.-The average of two winter tests 
with 6 cows in each lot showed sugal'-beets to be only 14 per 
tent as valuable as alfalfa hay for milk production. Sugar-beets 
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and beet pulp for dairy cows were nearly equal in value. A slight 
increase in butter fat was noticed when beets or pulp were fed, 
but the milk flow and daily yield of fat were not noticed to 
change with these feeds (101). 
Value of Pasture.-Records of 16 cows during one to four 
years were studied to determine the effect of pasture on yield. 
Turning cows from dry feed to fresh spring pasture increased 
greatly the yield of milk and butter fat and also slightly in-
creased the percentage of fat in the milk for 'a short period. 
Fresh cows responded more in yield of milk and butter when 
turned into spring pastures than did_ cows well along in the 
lactation period. The response did not greatly affect the test of 
the milk. Cows fed green feed in the stable maintained their 
milk flow slightly bett'er than those fed in the pasture. The 
change from dry to green feed in the stable did not give an 
increase in production as it did with cows on pasture (68). 
An average of 14 cows which received grain while on pasture 
produced 2007 pounds of milk and 79.4 pounds of fat in 108 
days and those not receiving grain yielded 1830 pounds of milk 
and 73 pounds of fat or a difference of 177 pounds of milk and 
6.4 pounds of fat in favor of grain feeding. Because the cows 
fed grain on pasture maintained their flow of milk throughout 
the season better, the yearly yield is thought to pay for light 
grain- feeding while on pasture. For a ,short time the cows 
turned on pasture lost in weight, but neither the milk yield or 
ultimate weight was affected (68). 
Capacity of Cow and Y ield.-The cows which ate most were 
without exception the largest and most economical producers. 
However, when the animals differed by only 200 to 300 pounds 
there was no definite relationship in this regard (43). A poor 
cow consumes much more feed in proportion to the yield than 
a good cow (127). 
Seasonal Yield Variations.-As the lactation period advanced 
the cows decreased in milk production about 9 per cent each 
month (68). From tests of the quantity of butter fat produced 
per day during the sixth month of lactation it was found possible 
to very closely approximate the total yearly yield by multiply-
ing the daily yield for this period by the number of days or 
lactation (43). 
Value of Milk Reco1"ds.-Records for 26 herds of dairy cows 
at Richmond, Utah, for the two years ending in 1913 showed 
the difference in yield of butter fat between the most and the 
least profitable cow in each herd to vary from 40 to 325 pounds. 
No correlation was foun~ between the production of the first 
month and the yearly production. A decrease in yield was found 
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to result when the dry period lasted more or less than two 
-months. The dairy-bred cows showed a decided tendency to-
ward a long lactation period and they led the scrubs in yearly 
production as well as the amount of fat yielded the first month. 
Cows freshening in the fall showed an average production of 
45 pounds of fat more during the next twelve months than cows 
freshening in the spring. Although the cost of feed was more 
per head for cows calving in the fall, the profit on the feed was 
found to be $4.10 in favor of calving in the fall. A summary 
of the results for the best and poorest cows tested is as fol-
lows (127): 
Yearly milk yield ____ ___ ___ _____ _______ __ __ ___ _ 
Yearly fat yield __ ___ ____ __ ___ ____ _______ ___ __ ___ _ 
Cost of Feed per year ___ ___ ____________ ___ __ _ 











Skim Milk as a Calf Feed.-Calf feeding experiments were 
made on 16 individual calves during a period of 4 years. With 
proper feeding calves may be raised very profitably on skimmed 
milk. Calves fed skimmed milk do not make as large gains as 
those fed whole milk. The amount of dry matter per pound of 
gain was practically the same for the whole and skimmed milk 
calves, but the rate of gain was only about 70 to 80 per cent as 
fast for the skimmed milk" as -for whole milk. Young calves up 
to three and a half months old required less milk and less dry 
matter per pound of gain than did hogs. However, when the 
calves were five to six months old more dry matter-mostly in 




Skimming Milk.-The loss per cow for a year amounted to 
6.5, 17.8, and 34.0 pounds of butter fat, respectively, for separ-
ator, skimming shallow pans, and skimming deep pans. Cold 
milk and slow speed of the separator were found unfavorable to 
the highest efficiency of the machine, the most satisfactory 
skimming resulting from milk at a temperature of 85° F. and 
the separator operated according to the directions of the manu-
facturers. The colder the weather or the surroundings of the 
milk that is setting in pans for the cream to rise and the shal-
lower the pans, the better the results. If cream is to be skimmed 
the temperature of the milk while setting should be kept at 
40° F. or below (42). 
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Churning Condit·ions.-Under average conditions cream 
testing 30 per cent fat will churn at a lower temperature and 
more exhaustively than cream with a lower percentage of fat. 
A higher percentage than this sometimes gives trouble because 
the greater adhering properties, which makes it stick to the 
churn, prevents the change to butter. Under ordinary condi-
tions the acidity of the cream between .4 and .64 per cent had 
little etfect upon the exhaustiveness of the churning (73). 
CHEESE-MAKING 
Effect of Quality of Milk.-Good milk gives better cheese 
than poor milk. Milk testing 4.8 per cent fat yielded 2.52 pounds 
of green cheese to each pound of fat, while milk containing 3.4 
per cent made 2.94 pounds to each pound of fat. An average of 
11.31 pounds of green cheese was produced from 100 pounds of 
milk, or 2.77 pounds for each pound of fat in the milk. The fat 
lost in whey averaged .15 per cent-practically no difference 
being observed in this respect for milk varying in fat con-
tent (73). 
W eig ht Loss in Curing.-The loss in weight of cheese w.hile 
curing was found to be 6.9 per cent in one month and for the 
next six months 9.3 per cent. Cheese made by the "dip-curd" 
process cured quickly but was soft and lacked uniformity. It 
lost 13.5 per cent in weight in one month (73). 
Best Temperatures.-The most sat~sfactory temperature to 
rennet the milk was 86° F. Curing cheese under different lower 
temperatures up to 65° F. had little effect on the loss in weight 
of the cheese, although the results of curing at a low tempera-
ture were not entirely conclusive. The flavor of cheese seems 
to be affected by the temperature of the vats while in the 
making (73). 
Paraffined Cheese.-Pressing the cheese in molds and plac-
ing in paraffined cans holding 5 to 30 pounds prevented loss in 
weight and lessened the attention required during curing, but 
it increased the cost of the cheese from 1 to 3 cents a pound. 
After curing for 90 _ days canned paraffined cheese scored prac-
tically the same as before curing. The loss in weight ot" the 
paraffined and unparaffined cheese was 5.5 and 8.6 per cent, res-
pectively. Cold storage gave better results than the ordinary 
curing room for both paraffined ·and unparaffined cheese (96). 
HOG FEEDING 
Va!-ue of Green Food.-This was a summer feeding experi-
ment with 3 hogs in each lot. Hogs having green food made 
&Teater gains than those without and required less grain per 
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pound of gain. Alfalfa is an excellent supplementary food in 
connection with grains, but is too coarse and bulky to form the 
hog's only feed. Fed alone, whether pastured or cut and fed in 
pens, it furnished only enough nutriment for bare maintenance. 
'Vhen additional food was given the rates of gain were nearly 
proportional to the extra quantities fed (70). 
Value of Exercise.-Hogs (two in each lot) 31110wed to run at 
large over 18 -acres of good pasture, (a mixture of 8 varieties of 
grass in which alfalfa constituted at least one-half), while fed 
a full-grain ration, made the most rapid growth and required 
the least grain for a pound of gain of all lots in two grass-feed-
jng experiments. Pigs, about 75 pounds in weight, pastured in 
movable pens grew more slowly and required more grain for a 
pound of gain than those in the large pasture. Exercise alone 
increased the gain and the amou?1t eaten but decreased the 
amount required for a pound of gain (28, 40) . Pasture with 
grain rations gave slightly better results than green stuff fed in 
pens or yards (70). 
Quantity of Grain.-In the quantity of grain required for 100 
pounds' gain the lots of pigs on pasture that were receiving 
one-fourth full-grain ration excelled in every test, requiring the 
lowest amount of food and giving the highest percentage of 
profit. In the rate of gain, the lots having a full-grain ration 
were the best in all cases, making the largest total gain and 
giving decidedly the highest total profit. A three-year average 
with bran, cornmeal, and ground wheat showed slightly better 
rates of gain when fed dry, but the amount of food for a pound 
of gain was less when fed wet (70). 
Grains Compared.-Using 11- to 19-weeks-old boars in an 
Axperiment with four lots of three pigs each, covering a period 
of five months, the lot fed peas and bran in equal parts by 
weight made the most rapid and economical gains. The wheat 
and bran mixture came next, followed by corn and bran, and 
barley and bran, in order. For each pound of gain the food 
eaten was 3.63. 4.02, 4.55, and 4.62 in the order given above, 
and the daily gains 1.09, .69, .63, and .56 pounds per pig per day, 
respectively (34). -
Other trials indicate that for growing pigs wheat is the most 
effi i~ient hog feed both in regard to rapidity and economy of 
gain. Corn and barley have much the same feeding value, 
barley being somewhat superior on the basis of gain in weight 
of the pigs. Peas and bran was slightly better than barley and 
bran (94). 
Size of Pigs and Cost of Gains.-As the we:ght of the "hogs 
increased the grain necessary for a pound of gain increased 
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also. Pigs, 75 to 100 pounds in weight, on a full-grain ration 
required 3.79 pounds of grain for a pound of gain as an average 
of all treatments; those 150 to 200, 5.28 pounds; and those 250 
to 300, 7.13 pounds for a pound of gain (40). 
Effect of Pr evious Feeding.-In a 16-days' trial to test the 
effect of previous feeding, lots of 3 hogs each prev.iously fed a 
half-grain ration while on alfalfa pasture made the most rapid 
gain and made the gain at a smaller cost in grain for each pound 
of gain than pigs previously fed on skim milk. During the 
second period, the lot fed on skim milk without grain while on 
pasture in the first period, made the smallest gains, and made 
the gains less economically than where some grain had previ-
ously been fed (94). 
Value of Skim Mi lk.-Eleven growing hogs fed skim milk 
alone for 108 days gained very slowly (.68 pounds daily) and did 
not keep in good health. Feeding milk alone it required 33 
pounds for a pound of gain; grain alone 4.70 pounds for a pound 
of gain. Combining the two 2.92 pounds of gain and 7.7 pounds 
of milk produced a pound of gain. Skini milk is proportionately 
more valuable for young pigs than for the more mature 
animals (57). 
The rate of gain and the food eaten were practically the 
same whether a milk and grain ration was fed to pigs in the 
pens or to those on pasture. Fed on milk and grain in combin-
ation they had better appetit es, and therefore ate more and 
made faster gains using less digestible food for the gains than 
those receiving either feed alone. When being pastured hogs 
fed on milk alone or grain alone did better than hogs similarly 
fed in small pens (57). Four seasons' trials with lots of 3 to 6 
pigs have shown that a mixed pasture is not beneficial to pigs 
having a fully supply of grain and skim milk. The rate of gain 
was nearly the same and it required 2.36 pounds of grain and 
15.4 pounds of milk for a pound of gain while on pasture 
whereas it required 2.18 pounds of grain and 18.3 pounds of 
milk for a pound of gain without pasture (57, 70). 
Pr opor tion of M i lk to Gr ain.-In fattening pigs (3 during 76 
days) the average daily gains were greater (1.62 pounds daily 
gain) where skim milk was fed with grain at the rate of one 
part of grain to five of milk than with a larger proportion of 
milk (1.43 pounds daily gain) or where grain was fed alone 
(0.67 pounds daily gain) (94). For the older animals a ration 
of one pound of grain to three or less pounds of skim milk was 
found to give best returns for the milk. The young hogs were 
in every way the more economical producers, but they did not 
do well when on grain alone (57). 
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Whole vs. Skim Milk.-Whole m]k displaced about twice as 
much grain as did skim milk when both were fed in a grain and 
milk ration, and it had about twice as great a value when fed 
with grain as when fed alone (94). 
Succulent Feeds.-To test the value of apples for pigs lots of 
3 pigs each were fed for 56 days during each of three years. 
Without apples it required 2.55 p01~nds of shorts and 3.5 pounds 
of skim ·milk for a pound of gain. With apples 2.08 pounds of 
shorts, 4.17 pounds of skim milk and 4.08 pounds of apples were 
necessary for a pound of gain. The rate of gain was faster 
without the apples (1.9 as compared to 1.6 pounds daily). 
Apples were very little more valuable than pasture grass (101). 
With a basal ration of mixed grain the total live-weight 
gain of shotes during 108 days was less for the animals fed 
roots than for those receiving none. It required 2,346 pounds 
of roots to displace 611 pounds of grain, or at the rate of 3.8 
to 1. Shrinkage was somewhat greater from root-fed hogs (17). 
Shotes very much prefer roots to silage and made a far greater 
gain when fed roots, although more food was consumed by the 
lot fed roots. Silage is a poor hog food (19). 
Sugar-Beet Molasses as a Food.-Beet molasses fed to pigs 
on alfalfa pasture, skim milk, and shorts produced a daily gain 
of 1.13 pounds. Without the skim milk the gain was .72 pounds 
daily, and with nei,ther milk nor molasses the gain was .5 pounds 
daily. Molasses more than displaced its own weight of bran in 
the food consumed per pound of gain where a partial substitu-
tion was made. In a dry-lot feeding test molasses was a very 
economical feed (101). 
SHEEP FEEDING 
Feeding Value of Grains.-Experiments in 1900 with lots of 
25 lambs fed for 84 days showed that using alfalfa as the 
roughage the daily gain on wheat screenings' was .115; on 
chopped wheat, .110; on wheat screenings and bran, .118; and 
on straw and grain, .103 pound per lamb. About twice the 
amount of grain was eaten per pound of gain by the lot fed 
wheat screenings as those fed on straw and grain, but the latter 
ate the largest (13.43 pounds' alfalfa and .81 pounds' straw) 
and the lot fed wheat screenings the smallest amount (8.47 
pounds' alfalfa) of coarse fodder for a pound of gain. The cost 
of production was least for the lot on straw and grain and 
highest with chopped wheat (78). 
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A 78 day feeding test with 17 lambs in each lot is given in 
the following table (78): 
Ration I 
DC:~~~ I Food eaten for 1 pound gain (pounds) 
Pounds Alfalfa I Grain I Pulp I Molasses I Dry Matter 
Alfalfa and screeningsl .217 6.35 2.69 
----
..... - 8.04 
AI:~~~s::sa~ .. ~~.~ .. ...... . .200 8.10 1.50 
.. -.. -
1.42 9.52 
Alfalfa and excess pulp .207 7.97 _ .. -.. 17.86 .. ....... 8.00 
Alfalfa and limited 





Alfalfa excess pulp 
and grain ...... .. ........ .330 4.23 1.56 10·14"1 ---- 5.13 Alfalfa , limited pulp 
and grain 
--- -- ---_ .. .. .. -_ .. .. .214 6.45 2.39 9.45 
--- -
8.37 
A ration of alfalfa and mixed grain, or screenings, with or 
without beet pulp, proved the most profitable one in fattening 
lambs (78). 
Pulp Rations.-In a 107 day experiment with 16 sheep in 
each lot it was found that although sheep made the smallest 
daily gains and required the largest amount of dry matter per 
pound of gain when fed alfalfa and beet pulp only, these feeds 
gave larger profits for the feed than where grain was fed in 
addition. The results are given in the following table (90, 101) : 
Part of full ration of Daily 
I
, Bran I Gains 
Alfalfa and I Pulp lbs , 
Shorts I 
full .. ...... I full I 0 .16 
full ........ \ 0 full . 07 
full .. ...... full full .20 
full ...... .. \ lh full .19 
Ih .... full full .16 
Pounds of food consumed per 
poun.d of gain 
I Bran I I 
Alfalfa I and I Pulp Dry 
Shorts I I Matter 
6.5 5.5 
I 




5.3 4.7 11.2 9.77 
5.9 2.5 11.8 8.50 
3.7 5.9 15.1 9.78 
Value of Roots.-Although there was greater shrinkage in 
the dressed carcass, the live;-weight gain for sheep during a 
96-day test was greater wIlen they were fed roots than when fed 
none. It required 921 pounds of roots to displace 86 pounds of 
grain and 175 pounds of hay (17). Sheep receiving no food 
other than 2.8 pounds' roots and .91 pounds' grain, daily, gained 
.17 pound daily for 112 days (21). 
Forage Compared.-In trials with . no suplem·ental feeds, al-
falfa hay was found to be a much more valuable forage than 
either wild or timothy hay. A pound of wild hay was more 
valuable than a pound of timothy in fattening sheep (29). 
Silage, in addition to grain and hay, did not give as good gains 
as dry corn fodder in a 102 day test with 3 sheep (19). 
Thirty Years of Agricultural Experiments tn Utah 47 
Shelter.-Sheltered sheep made better gains when fed indoors 
than when fed in an open shed (23). 
HORSE FEEDING 
Alfalfa vs. Ti'mothy.-Alfalfa-fed work horses maintained 
their weight more easily, ate more ' roughage, and appeared 
better than those fed timothy. On alfalfa, horses consumed 
more water and eliminated more through the kidneys than on 
timothy, although when the dry matter eaten was considered 
the animals on timothy drank proportionately more. Horses did 
well when receiving about 20 pounds of alfalfa a day while at 
rest and 33 pounds when at heavy work (77). , Recent investi-
gations indicate that on severe work horses should never, receive 
more than 20 pounds of alfalfa. Grain should be fed rather than 
large quantities of hay. 
Value of Chopped HaY.-Cutting and mixing hay with grain 
was not found advantageous and ev~IJ. proved injurious in the 
case of timothy since it caused irritation to the horse's mouth. 
Finely cut alfalfa and clover resulted in a better maintenance of 
the weight of the horses than feeding the uncut (13). 
Grains Compared.-During summer, corn and timothy were 
~ot so good as oats, wheat, and clover in maintaining the weight 
of horses. In winter, however, corn and timothy-fed horses did 
as well as those on oats, clover, and timothy. Spring and sum-
mer feeding of corn, wheat, or bran and mixed hay produced 
more gain in weight than oats, wheat, or bran and mixed 
hay (36). Bran and shorts may be profitably substituted for 
oats when fed with either alfalfa or timothy (77). It was not 
found profitable to grind grain for horses (9). ' 
Quantity of Gr ain.-Moderate grain rations seemed relatively 
more effective than larger ones, but horses appeared to use 
relatively large quantities of grain as effectively as did cattle. 
Horses consumed less grain and used less in ratio to hay in 
summer than 'they did in winter (13). 
Balance of Ratvon.-A small amount of protein, appr oximate-
ly .82 pound a day per horse, was found as adequate for horses 
as double this amount. A nutritive ratio of 1 to 15 was as 
good as one much narrower. The value of the food appeared to 
depend more on the heat units it furnished than other fac-
tors (30). There was apparently a direct relationship between 
the digestible matter in a feed and its feeding value (36). 
,Time to Water.-Watering both before and after feeding 
was found to be most satisfactory, especially for grain-fed 
animals. . Horses watered before feeding had the better appe-
dte and ate the most (9). 
Wet Beet Pulp as a Food.-As high as 20 pounds of pulp was 
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fed to horses without any apparent injury. IIi a ration of alfalfa 
hay and oats, njne pounds of pulp saved 1.5 pounds of oats (101). 
Blanketing.-Blanketing horses to protect the animals from 
cold while resting in the stable at night was not found beneficial 
even in severe weather (11). 
. Considerable work has been done in standardizing the horses 
of Utah (See 107, 259, 264, 267, 275). 
POULTRY 
Obtaining Egg Records.-It was found possible to get egg 
records of individual hens 99.5 per cent correct without the 
use of trap nests by catching the hens in the ' morning and 
pressing lightly on the side of their abdomens just below and 
near the end of the pelvis bone; if a hen is to lay that day the 
egg can thus be felt. As compared with the trap-nest, this 
method not only saves considerable time but it also gives more 
accurate results (162). 
Yearly Food Oonsumption.-Leghorns consumed an average 
of 75 pounds-55 pounds' dry matter-per fowl per year; 
Wyandot tes, 100 pounds; and Plymouth Rocks, 110 pounds. 
The largest egg production was during the period of great-
est food consumption. Hens attained their greatest weight 
immediately preceding their greatest egg production and lost 
weight during the period of heavy laying (67). 
Value of E xercise.-With Barred and White Plymouth Rocks 
the results were decidedly in favor ' of scattering the grain in 
the straw litter, but with the Leghorns there was no advantage. 
The chickens having exercise consumed more food and produced 
more eggs at a less cost than those which had no exercise. The 
eggs of the former weighed 3 per cent more than . those of the 
latter. The colony house hens with free range gave larger egg 
yields, greater fertility of eggs, and greater weight of eggs than 
hens kept in houses, especially in artificially heated rooms 
without the range (51, 92, 102). 
A verage Egg Y ields.-From a study of all available Uta:h 
records of Single Comb White Leghorn hens the average pro-
ductive life appears to be about six years. The average first-
year production was about 130 eggs; the second, 120; the third 
about 110; the fourth, 85; and thereafter up to the eighth year 
a drop of 10 eggs each year. In a flock of high average produc-
tion the first year individuals which produce highest this year 
usually produce the greatest total for the three years notwith-
standing a general lower second- and third-year production by 
the first-year hens. More hens made their highest production 
after the ,first year than during this year. Nearly all the hens 
in the station flocks whose total production has been extremely 
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high have made low or only medium first-year records: there-
fore, the 3-year average is the most reliable index of the value 
of a hen. The difference between the highest and lowest pro-
ducer in the flock has averaged 170 eggs for the first year's 
production and 182 for the second. Nearly all the longer-lived 
hens of a flock will layover 500 eggs; the maj ority will layover 
600, while some individuals will reach 800 or more (135, 148). 
Selecting by Performance.-The total production of a flock 
for the first three years appears to be about the same regardless 
of the first-year record, but if the first-year record of a flock 
is high selection of the high layers will materially improve later 
production of the flock. Environmental factors influence the 
record of the hen during the first year more than during later 
years, and they influence flocks making low records more than 
those making high ones. The period of production of flocks of 
equal laying' records is approximately the same during each of 
the first thr'ee' years. The difference in the number of eggs 
produced by high- and by low-yielding flocks is nearly the same 
throughout the season. Where the high and low layers of the 
same flock are compared the low layers tend to fall off in pro-
duction a little faster in the latter part of the first season and 
to a less extent during the second season. The distribution of 
production does not seem to be at all affected by age up to three 
years at least, but total production affects distribution regardless 
of age. The distribution of production in the general-purpose 
breeds was not the same as that of Leghorns, the maximum 
. production coming earlier and the decline more gradual than 
for Leghorns (135, 148, 149). 
Winter Egg Production.-Winter egg production is appar-
ently affected by environmental factors. Flocks that made low 
winter records their first season made high ones the second. 
The 3-year winter records were higher for flocks that made low 
records the first ~inter than for those with higher records the 
first winter. The higher the production of an individual the 
greater the per cent of this production will be made in the 
winter (149). Under normal conditions pullets were found to 
lay a larger proportion of eggs in winter than the older hens (92). 
Early Hatching.-When hatched in the months of March, 
April, and May, the date of hatching, when kept within a 
2-month period, did not appear to affect the 3-year total pro-
duction. Thhe latest maturing pullets, however, were always 
poor producers. The date of laying the first egg was not im-
portant except as indicating the length of time to matur-
ity (92, 149). 
Color of Eggs.-With breeds of hens laying eggs of varying 
colors, the individuals usually laid eggs of uniform color which 
indicated the possibility of selecting strains to produce uniform 
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coloration. The color of the egg shell is a question of individual-
ity, but the color of the yolk is modified by food. Green foods 
such as 'alfalfa leaves produce yolks with a normal color instead 
of pale ones (92). 
Size of Eggs.-Marked differences were noted in the size of 
the egg laid by different breeds as well as individual variations 
for each ' breed, but the Leghorns showed individual variations 
less than other breeds. The eggs of the Leghorn hens weighed 
more than those of the Leghorn pullets; those of the light Brah-
mas 11.5 per cent more than those of the Leghorn pullets; and 
those of the Barred Plymouth Rock pullets the same as those of 
the Leghorn pullets. The Leghorn eggs were .17 of a pound 
per ' dozen lighter than those of the Wyandottes. Old Leghorn 
hEms produced eggs weighing 5.5 per cent more than Leghorn 
pullets (51, 60, 92). 
Incubation.-Eggs in incubators los t; weig:ht more rapidly 
than those under hens, indicating that ventilation is much 
greater in the incubator. High humidity of the air in incubators 
was very beneficial to the hatch and the weight of the young 
chicks. Evaporation from the eggs under very humid condi-
tions was 12 per cent, wherea~, under medium and dry conditions 
it was 14 and 18 per cent respectively. The best results were 
secured when 4, 5, and 6 percentages of moisture evaporated 
from the eggs during the first, second and third 6 day period or 
a total of about 15 per cent during the whole incubating period. 
It was found better to supply the moisture needed in incubators 
by evaporation from moist sand than from free water (92, 102) . . 
The carbon dioxid content of the air was considerably higher 
under the hen than in the incubator. Observations indicate that 
the amount of carbon dioxid in the air of the incubators has no 
effect on the number of chicks hatched. Carbon dioxid in the 
air combines with water of the egg to weaken or entirely dis-
solve the egg shell. This appears to be one of the main reasons 
why a good supply of moisture is so beneficial in artificial 
incubation (102). 
. Ducks.-Each pound of gain, in raising five newly hatched 
ducks until they were nine weeks old, required 3.02 pounds of 
grain, a like amount of skimmed milk, and .16 pound of meat 
scraps. Raising them longer than this per iod required much 
more food in proportion to the gains (92). 
Turkeys.-From an experiment with six almost full grown 
turkeys that were fed in small pens, it was concluded that young 
turkeys may be taken from the farm and fed in small pens at a 
profit, and that the quality of meat is greatly improved by feed-
ing in confinement where wheat, corn, and grain mash together 
with skimmed milk, sugar-beets, and alfalfa leaves with grit or 
gravel, were the feeds (92). 
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I' (Bul. No. 71) ...... ............ ~ ............................... 1900 lSamuelFortier 
72 1A Soil Survey in Salt Lake Valley, Utah. 1900 IF. D. Gardner, 
I ,(Bul. No. 72) .. ............ .................................... IJohn Stewart 
73 1 Experimen ts in Butter-making and Cheese- I 
1 making. (Bul. No. 73) ................................ 1901 /F. B. Linfield 
I . 1902 John A. Widtsoe, 
74 1 Lead Ore in Sugar Beet Pulp. ( Bul. No. 74) .... I Lewis A. Merrill 
75 lArid-farming or Dry-farming. (Bul. No. 75) 19021John A. Widtsoe, 
I I Lewis A. Merrill 
76 1Forcing Lettuce. (Bul. No. 76) ..... ................. .. 19021C. P. Close . 
77 1Horse Feeding. (Bul. No. 77) ....... .... ........... . 1902 ILewis A. Merrill 
78 1 Experiments in Fattening Lambs. I 
I (Bul. No. 78) .................................................. 1902 1F . B. Linfield 
79 1Process Butter-A Dairy Fraud." 1903 1R . W. Clark, 
1 · (Bul. No. 79) .................................................. IJohn A. Crockett 
80 I Irrigation Investigations in 1901. 1 ~ 0 2 1 John A. Widtsoe 
I (Bul. No. 80) .................................................. I et al. 
81 1 Poison in Water from a Gold and Silver Mill. I 
I .(Bul. No. 81) ... ~ .................. ............ ................ 1903!P. A. Yoder 
82 1Feeding Beet Pulp to Steers and Sheep. I 
I (Bul. No. 82) ...... ... ...... ..... .... ............... ... ........ 19031 R . W. Clark 
. . 
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83 1 Pruning of Tree and Bush Fruits. I 
I (B ul. No. 83) ... ........... ................... ...... ...... .. ... 19031W. N. Hutt 
84 1The Grain Smuts. C~ul. No. 84) ........... ......... 19031Lewis A. Merrill, 
I . I lB. F. Eliason 
85 1Pear Blight. (Bul. No. 85) .............................. 1903IW.N. Hutt 
86 1The Right Way to Irrigate. (Results of 1901) 19031J. A. Widtsoe, 
I (Bul. No. 86)... ............................... ................ IW.W.McLaughlin 
87 1The Codling Moth. (Bul. No. 87) .................. 19041E. D. Ball 
88 1 The R elation of Smelter Smoke to Utah Ag- I 
I riculture. (Bul. No. 88) .: ............ .. ... .... ....... 19031John A. Widtsoe 
8'9 1A New Centrifugal Soil Elutriator. I 
I (Bul. No. 89) ..... ............................................. 19041p. A. Yoder 
90 lBeet Molasses with Beet Pulp Feeding with 1904 1Lewis A. Merrill, 
I Sheep and Steers. (Bul. No. 90) .................. IR. W. Clark 
91 1Arid Farming in Utah. (Bul. No. 91) ............ 19051John A. Widtsoe 
I I Lewis A. Merrill 
92 !Poultry Experiments. (Bul. No. 92) .............. 19051James Dryden 
93 1 Agricultural Reconnaissance of the Uinta Res- I 
I ervation. (Bul. No. 93) .............................. 1905IW.W.McLaughUn 
94 1 Summary of Pig Feeding Experiments from I 
I 1890 to 1902. (Bul. No. 94) ...... ..... .. ......... .... 1903 1F. B . Linfield 
95 1Codling Moth Work in 1904. (Bul. No. 96) .. 1906 1E. D. Ball, 
I IE. G. Peterson 
96 1 Care of Milk on the Farm and th~ Man ufac- I 
1 ture of Butter and Cheese. (Bul. No. 96) 19061R. W. Clark 
97 iR eport of the Southern Utah Experim~nt I 
I Station. (Bul. No. 97) ............ .. .... . _ .......... ... 1906/P. A. Y~der et al. 
98 1 R eport of the Central Utah Experiment Sta-
I tion. .(Bul. No. 98) ...................... .... .. ..... .. .... __ 19061p. A. Yoder et al. 
99 1 Irrigation and Drainage Investigations during I 
I 1905-06. (Bul. No. 99) .... ........ ........... __ ...... 1906IW.W.McLaughlin 
lOO IArid-farming Investigations. (Bul. No. 100) 19061W. M. Jardine 
10 1 1 Fe~ding Experiments wJth Cattle, Sheep, I 
I . Swine, and Horses. (Bul. No. 101) .... ......... 19061R. W. Clark 
102 1Poultry Experiments. (Bul. No. 102) .. .. __ .... . 19071James Dryden 
l03 1The Milling Qualities of Wheat. (Bul. No. lOS), 19081Robert Stewart, 
1 IJ· E. Greaves 
l04 1The Storage of Winter Precipitation in ~oils. I 
1 ( Bul. No. 104) ..... ...................... ........ . ............ 1908 1John A. Wtdtsoe 
105 1 Irrigation Investigations-Factors Influencing I 
I Evaporation and Transpiration. 1 
I (Bul. No. 105) ................................. -- ........... --1909IJohn A. Widtsoe 
l06 1A Study of the Production and Movement of 1 . 
I Nitric Nitrogen in an Irrigated Soil. 1909 1Robert Stewart, 
1 (Bul. No. 1061 .................. . ----.................. --. .... . lJ. E. Greaves 
l07 1Iinprovement of Utah Horses. (Bul. No. 107) 19091J. T. Caine, III, 
1 IH. J. Frederick 
l08 1The Effect of Formalin on the Vitality of 1910lRobert Stewart, 
I Seed Grain. (Bul. No. 108)........................ IJohn Stephens 
l09 1The Nitrogen and Humus Problem in Dry-land 1 
I Farming. (Bul. No. 109) ............................ 1910lRobert Stewart 
1l0 lThe Alfafla Leaf Weevil. (Bul. N,o. 110) .... 19101E. G. Titus 
l11 1The Reclamation of Seeped and Al~a1i Lands. 19101C. F. Brown, 
I (Bul. No. 111) .......................................... __ .... IR. A. Hart 
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112 1 A R eport of SElven Years' Investigation of I 
I Dry-farming Methods. (Bul. No. 112) __ .. __ 1910 lLewis A. Merrill 
1I3 1Th e Influence of the Combined Harvester on 1910 lRobert Stewart, 
I the Value of Wheat. (Bul. No. 113,)________ iC. T. Hirst 
'114 1 Th e Movement of Nitric Nitrogen in Soil and I 
I Its Relation to "Nitrogen Fixation". 1911 1Robert Stewart, 
1 (Bul. No. 114)____________ _______________________________ _____ IJ. E. Greaves 
LI5 1Movement of Water in Irrigated Soils. (Tech- 1912 1John A. Wldtsoe 
I nical). (Bul. No. 115) ______________________________ IW.W.McLaughlin 
116 1 The Production of Dry Matter with Different I 
1 Quantities of Irrigation Water. I I (Bul. No, 116) _______________________________________________ _ 1912 1John A. Widtsoe 
L I 7 ! The Yields of Crops with Different Quanti- I John A. Widtsoe 
I ties of Irrigation Water. (Bul. No. 117) ___ _ 1912ILewis A. Merrill 
lI8 1Methods for Increasing the Crop-producing 1912 1John A. Widtsoe, 
1 Power of Irrigation Water. (Bul. No. 118) ILewis A. Merrill 
L 19 1 The Effect of Irrigation on the Growth and I 
1 Composition of Plants at Different Periods 19121 John A. Widtsoe, 
I ' of Development. (Bul. No. 119) _______ __________ _ IRobert Stewart 
L 2 0 I The Chemical Composition of Crops as, Af- I 
I fected by Different Quantities of Irrigation 19131John A. Widtsoe, 
I Water . (Bul. No. 120) ___ ______ _______ ___ _____________ 1 Robert Stewart 
121 lThe Soil of the Southern Utah Experiment!1912 lJOhn A. Widtsoe, 
I Station. (Bul. No. 121)_________________________ __ _____ IRobert Stewart , 
122 1The Nature of the Dry-farm Soils in Utah. 19131John A. Widtsoe, 
I (Bul. No . 122) ___________________________________ __ ___________ 1 IRobert Stewart 
123 1Farm Drainage-A, Manual of Instruction. 1 
I (Bul. No. 123) ______ ____ ______________________________ . __ ___ ~_ 1913IChas. F . Brown 
124 1Fruit Variety Tests on the Southern Utah 1 
I Experiment Farm. ,(Bul. 124) ___________________ _ 19131A. B. Ballentyne 
125 1 The Chemical Milling and Baking Value of 19131 Robert Stewart, 
I Utah Wheats. (Bul. No. 125) ___________ ____ _______ IC. T. Hirst 
126 1 A Comparison of First, ' Second, and Third 1 
1 Crop Alfalfa Hay for Milk Production. I I (Bul. No. 126) ____ __ ________________________ ______ ______ ____ __ 19131W. E. Carroll 
127 1 R eport of the Richmond-Lewiston Cow Test- 1 
I ing Association. (Bul. No. 127) __________________ ,1913IW. E. Carroll 
128 1 Blooming Periods and Yields of Fruit in Re- 1 
1 lation to Minimum Temperatures. 1 I ( Bul. No. 128) ___ _____ _____________ _________ _____ ____ : ________ 19131 A. B . Ballantyne 
129 1Codling Moth Studies in 1911. (Bul. No. 129) 19131E .D. and 
1 1 W. M. Ball 
130lThe Change in Weight of Grain in Arid Re-1914 IF. S. Harris, 
1 gions during Storage. (Bul. No. 130)____ __ IGeorge Thomas 
I 31 1Variety Tests of Field Crops in Utah. 19H:j F. S. Harris , I (Bul. No. 131) ________ . _______________ ___ _____ ________ ____ .. __ 1 J. C. Hogenson 
132 1 Minor Dry-land Crops at the Nephi Experi- 1 
I ment Farm. (Bul. No. 132) __ _ .___ .: __ ______ ._. ____ 1914,P. V. Cardon 
133 1 Irrigation and Manuring Studies, Pt. 1. 1 
1 Bul. No. 133) ______________________________ . _____________ . ___ 1914 , F. S. Harris 
134 1The Nitric Nitrogen Content of the COlln- IRobert Stewart 
I try Rock. (Bul. No. 134) . ________ _____ ____ . ___ . ____ . 1914,Wm. Peterson 
, I 
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135 1A Study of Annual Egg Production. IGeo. Turpin, 
1 ( Bu!. No. 135) ..................... .......... _ ... ........ _ ... _ 1 and Byron Alder 
136 1 The Commercial Production of Sugar-beet 1 
I Seed in Utah. (Bu!. No. 136) .................. _ ... 19151F. S. Harris 
1371The Quality of Home-grown Wheat vs. Im- 1915 1Robert Stewart, 
I ported Wheat. ( Bu!. No. 137) ... ........... _. .. I C. T. Hirst 
138 1 How to Control the Grasshoppers. I 
I ( Bu!. No. 138) ........ _ .. _ .......... ..... ... ..... ...... _ ...... 19151 E. D. Ball 
139 1The Movement of Soluble Salts with Soil I 
1 Moisture. (Bul. No. 139) ........... ............... 19151F. S. Harris 
140 lThe Summer Pruning of a Young Bearing 19151L. D. Batchelor, 
~ Apple qrchard. (Bul. No. 140) ..... ..... _ .. ___ . . IW. E. Goodspeed 
1411Variation in Minimum Temperatures Due to I 
! the Topography of a Mountain Valley in 19151L. D. Batchelor, 
I Relation to Fruit-Growing. (Bu!. No. 141) F. L. West 
142 1Irrigation of Peaches. (Bu!. No. 142) .......... .. 1 J1€ IL. D. B!ltchelor 
14 3 1 Fr~~l}r~~. R~~i) ~.~.~~.~~~=~~~~~~ .. ~.~~ .~~.~.~~: 19 1611 A. B. Ballantyne 
144 1Water Table Variations-Causes and Effects. I 
I (Bu!. No. 144) ............................... ............... _. 1916 1 A. B. Ballantyne 
145 1Soil Alka li Studies. (Bu!. No. 145) ................ 1916 1F. S. Harris 
146 1The I r rigation of Wheat. (Bul. No. 146) ...... 1916 1F. S. Harris 
14 7 / AI~~I!I~~J~ni 4 ~~ .. ~~.~~:~~.i.~.~ .. ~~~~~~~ ................ 1916 / ~.o~~rk~;:;vart, 
l E  D. Ball, 
1481 Breeding for Egg Production, Pt. 1. I Byron Alder and 
I (Bu!. No. 148) .......................... ..... _ .............. :. 19161A. D. Egbert 
149 1 Breeding for Egg Production, Pt. II. 19171E. D. Ball, 
150 I FU~~h~l; ~t~di1e! 9 ~~···th~··Nit~i~··Ni"t~·~g~~··c·~·~·~ 191 711 ~~~:t ~A~:art, 
I t ent of the Country Rock. (Bul. No. 150).. IWm. Peterson 
151 1The Freezing of Fruit Trees. (Bu!. No. 151) .. 1917jF. L. West, 
I - IN. E. Edlefsen 
152 1 Effect of Soil Moisture Content on Certain 1917 1 F. S. Harris, 
I Factors in Wheat Production. _(Bul. No. 152) IH. J . Maughan 
153 1 Selecting Dairy Bulls by Performance. , 
1 (Bu!. No. 153) ........ : ....................................... 1917 1W. E. Carroll 
154 1Irrigation and Manuring Studies, Pt. II. 1917 1F. S. Harris, 
I ( Bu!. No. 154) ..................... _ ................... ..... _. I D. W. Pittman 
155 1The Beet Leafhopper. (Bu!. No. 155) .... ...... 19171E- D. Ball 
15 6 1The Irrigation of Sugar-beets. (Bu!. No. 156) 19171F. S. :t!arris 
157 1The Irrigation of Potatoes. (Bul. No. 157) .. 19171F. S. Harris 
158 1Soil Moisture Studies under Dry-farming. 19171F. S. Harris, 
1 ( Bul. No. 159)._.............................................. IJ. W. Jones 
15 9/ SOilB~I~isJ~~e 1 ~~~~.~~~ .. ~~~~.~ .. ~.~~~~~~~~~~ ........... . 1917\ i: ~,H:::!~en 
160 lImportant Factors in the Operation of Irri- I 
1 gated Farms. (Bul. No. - 160) ...................... 19171E. B. Brossard 
161 10rchard Heating. (Bul. No. 161) ..... ............. 19181F. L. West, 
1 - IN. E . Edlefsen 
162 1 A Quick Method of Obtaining Accurate Egg I 
I Records Without the Trap Nest. I 
j ( Bu!. No. 162) ... ....... _ ................. __ .. _._ ............. 1918 1 Byron Alder 
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163 1Composition of the Irrigation Waters of Utah. 19181J. E. Greaves, 
I ( Bu!. No. 163) ....................... ......................... I C. T. Hirst 
16 4 1 Factors Affecting the Depth of Sowing Vari- 19181 F. S. Harris, 
I ous Crops. ( Bul. No. 164) ........................ .. I H. J. Maughan 
165 1Labor Costs and Seasonal Distribution of I 
I Labor in Irrigated Crops. (Bul. No. 165) .. 1918IJ. L. Connor 
166 1Climate of Utah. (Bul. No. 166) .................. 19191F. L. West, 
I IN. E . Edlefsen 
167 1The Irrigation of Oats. (Bul. No. 167) ........ 1919 F. S. Harris, 
I ID. W. Pittman 
168 1 The Relative Resistance of Various Crops to 19191 F. S. Harris, 
I Alkali. (Bul. No. 168)................................ ID. W. Pittman ' 
169 1The Use of Alkali Water for Irrigation. 19191F. S. Harris, 
I (Bul. No. 169) ... .. .. ............. ........ .................... IN. I. Butt 
. 170 I A Study of Methods of Determining Soil I 
I Alkali. (Bul. No. 170) .................. ............... . 1919 1D. W. Pittman 
171 1Alfalfa Seed Growing and the Weather. I I 
I ( Bul. No. 171) ... ........ ..................................... 1192 0 I J . C. Alter 
1721The Value of Barnyard Manure on Utah Soils. I 
I ( Bul. No. 172) ................................................ 1920 IF. S. Harris 
173 1The Duty of Water in Cache Valley, Utah. I 
I ( Bul. No. 173) ................................................ 1920 IF. S. Harris 
174 1 A Variety Survey and Descriptive Key of I 
I Small Grains in Utah. (Bul. No. 174) ...... 1920 I George Stewart 
175 1Sixteen Years of Dry-farming Experiments in l1920 IF. S. Harris, 
I Utah. (Bul. No. 175).... ...... .............. .......... IA. F. Bracken, 
I II. J. Jensen 
176 1 Potato Improvement by Hill SelectiO'n. I 
I ( Bu!. No. 176) ................................................ 1920 I George Stewart 
1 77 1 Some Types of Irrigation Farming in Utah. I 
1 ( Bul. No. 177) ......... ........................ ............... 1920 1 E. B. Brossard 
178 1Pathogenicity of Rhizoctonia. (Bul. No. 178) 1921 1B. L . Richards 
1791Apple Candy-A Commercial Use for Cull I 
I Apples . . (Bul. No. 179) ................................ 1921 1T. H . Abell 
180lThe Irrigation of Alfalfa. (Bul. No. 180) ...... 1921 1F. S. Harris, 
I IP . W. Pittman 
I R esults Published in other than Experi- --1- -- -
I ment Station Publications. I 
1811The L.eafhoppers of the Sugar-beet and Their --'1-------
I Relation to the "Curly-leaf" Condition. I I 
I (U. S. D. A. Bur. Ent. Bul. 66, pp. 33-52) .. 1909 1E. D. Ball 
182 !Effects of Soluble Salts on Insoluble Phos- I 
I phates. (Jour. Bio. Chem., Vol. 7, No.4, I 
I pp. 287-319) .................................................... 1910IJ. E. Greaves 
183 1 The Influence of Chlorin upon the Determin- I 
I ation of Nitric Nitrogen. (Jour. Am. Chem. 1910 IRobert Stewart, 
I Soc., Vol. 32, No.6, pp. 756-757)................ IJ . E . Greaves 
184 1The Season's Work on Arsenical Poisoning of ,1910 IE. D. Ball, 
I Fruit Trees. (Jour. Econ. Ent. , Vol. 3, No. IE. G. Titus, and 
I 2, pp. 187-197)................................................ IJ. E. Greaves 
18 5 1 Some Factors Influencing the Quantitative De- I I 
I termination of Gliadin. {Jour. Bio. Chem.; I · 
I Vol. 9, Nos. 3-4, pp. 271-293) ..... ................. 1911 1J. E. Greaves 
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186 10n the Refractive Indices of Solutions of Cer- I 
I tain Proteins vs. Gliadin. (Jour. Bio. Chern., 19111T. B. Robertsoll, Vol. 9, Nos. 3-4, pp. 181-184}...................... IJ. E. Greaves 
1871A Contribution to the Knowledge regarding I 
Loew's Lime-Magnesia Ratio. (Jour. Indus. I 
I and Engin. Chern., Vol. 3, No.6, pp. 376-378) 19111Robert Stewart 
188 1 The Occurrence of Potassium Nitrate in I ° 
I 
Western America. ,(Jour. Am. Chem. Soc., I 
Vol. 33, No. 12, pp. 1952-54) ........................ 19111Robert Stewart 
189 1 The Production and Movement of Nitric Ni- 1 
1 trogen in the Soil. (Centbl. Bakt., Vol. 34, 1912lRobert Stewart, 
1 pp. 114-147) .................................................... {J. E. Greaves 
190 1The Efficiency of the Driving Spray. (Jour. I 
! Econ. Ent., Vol. 5. No.2, pp. 147-153) ...... 1912 E. D. Ball 
191 1 Comparative Value of Irrigated and Dry- I 
1 farming Wheat for Flour Production. 
1 (Jour. Indus. and Engin. Chem., Vol. 4,1912 Robert Stewart, 
1 No.4, pp. 270-272).......................................... IC. T. Hirst 
192 1Distribution of Nitrogen of Wheat between the I 
I Flour, Bran, and Shorts. (Jour. Agr. ScL, 1912 J. E. Greaves, 
1 Vol. 4, No.4, pp. 376-379)............................ IRobert Stewart 
193 1 Cereal Investigations at the Nephi Substa- 1 
1 tion. (U. S. D. A. Bul. 30, Pl>. 1-60) ...... 19131p. V. Cardon 
194 1 The Occurrence of Arsenic in Soils. ( Biochem. I 
I Bul., Vol. 2, No.8, pp. 519-523) .................. 1913 J. E. Greaves 195 Some Factors Influencing Ammonification and 1 
I 
Nit~ification in Soils: I-Inlluence of Ar- 1 
semc. (Centbl. Bakt. Abt. 2, Bd. 39, Pl:). I 
19 6 1\ Th~ 4 ~~fl6~jn~~··~·f··A;~~~i~··~p~~··th~···Bi~i~gi~~i 1913 1 J. E. Greaves 
Transformation of Nitrogen in Soils. I 
1 (Biochem. Bul., Vol. °3, No.9, pp. 2-16) .... 1913 J. E. Greaves 
197\ Same Factors Influencing the Quantitative I 
°Determination of Arsenic in Soils. ,(Jour. 
I 
Am. Chem. Soc., Vol. 35, No.2, pp. 150-156) 19131J· E. Greave. 
198 The Influence of Chlorin upon the Deiermin- 1 
1 ation of Nitrates by the Phenoldisulphonic I 
1 Acid Method. (Jour. Am. Chern. oc., Vol. 1913 Robert Stewart, 
1 35, No.5, pp. 579-682).................................. IJ. E. Greaves 
199 / A Study of the Bacterial Activities of Virgin I 
and Cultivated Soils. (CentbI. Bakt., Abt. 
1 2, Bd. 41, pp. 444-459) .................................. 19141J. E. Greaves 
200 lThe Influence of Arsenic upon the Nitrogen- 1 
1 fi~ing Powers of the Soil. (Centbl. Bakt. 19141J. E. ~reaves, 
I 
~bt. 2, Bd. 42, pp. 244-264).......................... IH. P . Anderson 
201 The Effect of Soil Moisture, Plant-food, and I 
1 Age on the Ratio of Tops to Roots in Plants. 1 
1 (Jour. Am. Soc. Agron., Vol. 6, No.2, 1 
1 pp. 65-75) .......................................................... 19141F. S. Harris 
202 I Nitrogen and Organic Matter in Dry-farm Soils. 1 
1 (Jour. Am. Soc. Agron., Vol. 6, No.2, 19141Robert Stewart, 
1 pp. 49-66) .•........................................................ 1 C. T. Hirst 
203 1 Effect of Soil Conditions on the Tassels of 1 
1 Maize. (Science n. S., Vol. 40, No. 1023, 1 
1 pp. 215-216) .................................................... 19141 F. S. Harris 
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I tion I 1----7--------------204 1Tillage and Rotation Experiments at Nephi, I 
I Utah. (U. S. D. A. Bul. 157, pp. 1-'5)------1915IP. V. Cardon 
205 1 Effect of Alkali Salts in Soils on the Germin- I 
I ation and Growth of Crops. (Jour. Agr. I 
I Rsch., Vol. 5, No.1, pp. 1-53} ______________________ 19151F. S. · Harris 
206 1Stimulating Influence ot Arsenic upon the I 
I Nitrogen-fixing Organisms ot the Soil. I 
I (Jour. Agr. Rsch., Vol. 6, No. 11, pp. I 
20 7 1 Th~ 8 ;~~:~n~~--~f--s~it;--~~---th~--B-~-~t-~;:i~i--A~~ 1916
1
1 J. E. Greaves 
1 tivities ot the Soil. (Soil ScL, Vol. 2, No. I 
I 5, pp. 443-480} ______ _____ ___________________________________ 19161J. E. Greaves 
208 1Influence of Barnyard Manure and Water I 
, upon tne Bacterial Activities ot the Soil. I 
I (Jour. Agr. Rsch., Vol. 6, No. 23, PP.1916IJ. E. Greaves, 
20 9 1 so~e9-~!;;ei~ti~~~--i~---s~g~~~-b-~~t~:---(G~;;-~ti~~: 1916 / ~: ;. ii:::~ 
, Vol. 1, pp. 334-347}_________ ___________________ ____________ IJ. C. Hogenson 
210 ,Factors Affecting the Evaporation ot Mois- I 
, ture from the Soil. (J our. Agr. Rsch. Vol. 19161 F. S. Harris, 
, 7, No. 10, pp. 439-461}__________________________________ IJ. S. Robinson 
211 1 The Influence of Arsenic on the Bacterial Ac- 1 
I tivities of the Soil. (Scientit. Mo., Vol. 5, I 
, No. 14, pp. 20'-209) -------------------------------------- ,' 1917 IJ. E. Greaves' 
212 1Nitrous Nitrogen in Irrigated Soils. (Soil Sci., 19171J. E. Greaves, 
I Vol. 3, No.2, pp. 149-154} ____ ____ _____ ___ __________ --' IRobert Stewart, 
I I IC. T. Hirst 
213 1Some Factors Influencing the Quantitative ' , 
, Determination of Nitric Nitrogen in the 19171J. E. Greaves, 
I . Soil. (Soil Sci. Vol. 4, No.3, pp. 179-205) IC. T. Hirst 
214 1Effect of Irrigation Water and Manure on the I 
I Nitrates and Soluble Salts of the Soil. (Jour. 1917 1F. S. Harris, 
1 Agr. Rsch., Vol. 8, No.9, PV. 333-359) -------- 1 N. 1. Butt 
215 1Influence of Crop, Season, and Water on the 1917 J. E . Greaves, 
1 Bacterial Activities of the Soil. ,(Jour. Agr. IRobert Stewart, 
I Rsch., Vol. 9, No.9, pp. 293-3'1)________________ 'C. T. Hirst 
216 1 Moveme~t and Distribution of Moisture in the I 
1 Soil. (Jour. Agr. Rsch., Vol. 10, No.3, 1917 1F. S. Harris, 
217 \ orf~~ lo~ 3A\~~li~--- - (-i~-~-~:--Ag-~:- -R~~h::--v~i:--l0: 191 7/ i:~b!t ~~!!-~rt, 
1 No.7, pp. 331-353) ---------------------------------------- IWm. Peterson • • 
218 1 Does Crop Rotation Maintain the Fertility ot 1 
I the Soil? (Scientif. Mo., Vol. 6, No.5, 1 
I pp. 458-466) ---------- ------------------------------------------ 1918 1 J. E. Greaves 
219 1 Azofication. (Soil ScL, Vol. 6, No.3, 1 
I pp. 163-217) --------------------- -- ----------------------------- 1918 1 J. E . Greaves 
220 ! COIJlPosition of the Waters of the Intermoun- I 
1 tain Region. ,(.four. Indus. and Engin. 1918IJ. E. Greaves, 
1 Chem., Vol. 10, No. 12, p. 100}________ __ __________ IC. T. Hirst 
221 1 Soil Factors Affecting the Toxicity of Alkali. 1 
I (Jour. Agr. Rsch., Vol. 15, No.5, pp. 19181F. S. Harris, 
1 287 -319) ------------------------------ ------------------------------ I D. W. Pittman 
222 1 Capillary Moisture-holding Capacity. (Soil , 
1 ScL, Vol. 7, No.4, pp. 319-324} ________ ____________ 1919 1W. H. Gardner 
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